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SUMMARY 

During 1985, the US Army Engineer Waterways Experiment Station Hydrau- 

lics Laboratory conducted a Corps of Engineers- (CE-) wide study (referred to 

as the "inventory") into various aspects concerning the design of stable 

flood-control channels in natural materials. The results of the inventory, as 

presented in this report, are related in some way to flood-control project 

design and review procedures. Topics covered include stream types, points of 

contact, current state of approved design guidance, design problems, promising 

new techniques, project review problems, riprap design, grade control struc- 

ture design, operations and maintenance, environmental issues, research needs, 

and other pertinent topics. Specific conclusions and recommendations are 

listed in Part VI of this report. 

In general, the results of this inventory include the following: 

a. Specific information about various streams and promising im- - 
provement techniques, design methods used in the past, centers 
of experience for certain type projects, points of contact by 
name, and stream types existing in each CE Division. 

b. Problems and noteworthy experiences pertaining to project 
design, environmental issues, local cooperati.on, CE District 
operation and maintenance activities, and project review. 

c. Insight into future research and guidance needs for bank pro- - 
tection (particularly riprap), grade control structures, and 
stable channel design in general. 



PREFACE 

This survey of flood-control project design procedures and related expe- 

riences was conducted by personnel of the Hydraulics Laboratory, US Army Engi- 

neer Waterways Experiment Station (WES), Vicksburg, MS, during 1985. It was 

conducted as a part of the Flood-Control Channels Research Program, sponsored 

by Headquarters, US Army Corps of Engineers (HQUSACE), under Work Unit 

No. 32549, "Controlling Stream Response to Channel Modification." 

This study was performed by Mr. Andrew J. Reese, Dr. John J. Ingram, and 

Dr. Bobby J. Brown, Hydraulic Analysis Branch, Structures Division, Hydraulics 

Laboratory. Mr. Reese, formerly of the Hydraulic Analysis Branch, and now 

with MCI Consulting Engineers, Inc., Nashville, TN, prepared this report in 

draft form. In 1988, the draft report was reviewed by numerous Corps hydrau- 

lic designers, who provided suggestions for revision. Mr. Robert W. McCarley, 

Math Modeling Branch (MMB), Waterways Division (WD), Hydraulics Laboratory, 

incorporated the comments resulting from the review and prepared the report in 

final form. 

The survey was performed under the direction of Messrs. Frank A. 

Herrmann, Jr., Chief of the Hydraulics 1,aboratory; R. A. Sager, Assistant 

Chief; and Mr. Marden B. Boyd, Chief, WD. Technical review of the report was 

provided by Mr. William A. Thomas, WD, and Mr. Ronald R. Copeland, MMB. 

HQUSACE Technical Monitor was Mr. Thomas E. Munsey. 

Commander and Director of WES during preparation of this report was 

COL Larry B. Fulton, EN. Technical Director was Dr. Robert W. Whalin. 
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FLOOD-CONTROL CHANNEL NATIONAL INVENTORY 

PART I: INTRODUCTION 

1. The purpose of this report is to document the results of a nation- 

wide inventory of US Army Corps of Engineers District activities related to 

the design and construction of flood-control channels in natural materials. 

The inventory was conducted during 1985 by the Hydraulics Laboratory, US Army 

Engineer Waterways Experiment Station (WES) and the draft report was reviewed 

by numerous Corps hydraulic design engineers in 1988. 

2. The specific purposes of the inventory were to 

a. Identify points of contact within each District/Division for - 
information exchange. 

b. Identify promising and innovative design and analysis techniques - 
that could be applied at the District level and potentially 
require a minimum of time and data. 

c. Identify priority research needs related to the design and - 
analysis of flood-control channels in natural materials. 

d. Identify streams as potential candidates for further study - 

e. Identify centers of expertise for various designs. - 
f. Identify problem areas including those which are systematic, - 

regional, keyed to stream type, or keyed to a certain design 
type 

g. Seek to correlate stream and successful design types. 

h .  Gather and analyze information on special topics to include 
riprap design, grade control structure design, project review, 
operation and maintenance (OM), and environmental concerns. 



PART 11: BACKGROUND 

3. The successful design of stable channels in natural materials and an 

accurate analysis of possible channel responses to project modifications have 

been identified as priority concerns by the Headquarters, US Army Corps of 

Engineers (HQUSACE). The primary sources of detailed Corps guidance for the 

hydraulic design of flood protection projects are Engineer Manuals (EM) 

1110-2-1405 (HQUSACE 1982a), 1110-2-1601 (HQUSACE 1970), and 1110-2-4000 

(HQUSACE 1989). However, the constraints of funds, time, and available data 

often preclude a detailed or comprehensive analysis by planners and hydraulic/ 

hydrologic engineers. This situation points to the need for pragmatic, 

experience-based design guidance that can be applied within these constraints. 

4. In 1983 the Hydraulics Laboratory was asked to explore ways of de- 

veloping improved design guidance for stable channels in natural materials. 

The initial thrust of this effort had several objectives: 

a. To enable determination of acceptable geometry and stabilization - 
measures for improved flood--control channels. 

b.  To develop technical guidance for use by District design person- 
nel with limited experience. 

c. To identify plan formulation, survey, hydrologic, and geotechni- - 
cal inputs required for project design. 

5. The product of this effort was envisioned to be a loose-leaf hand- 

book that relates stream "types" (see Appendix A for definition of stream 

types) to successful and acceptable channel improvement methods. The develop- 

ment of this handbook was to proceed from the most common stream types to the 

least common. A two-phased approach for developing the handbook has been 

suggested as follows 

a. Phase 1: Develop and document channel types. Organize into - 
number per type along with successful or unsuccessful channel 
improvement methods. 

b. Phase 2: Develop (type by type) design methodology, including - 
necessary charts, nomographs, photographs, and data tables. 

This report covers the results to date under Phase 1 of the envisioned efforts 

to provide available design guidance and criteria. 

Preparation for Pilot Study 

6. Phase 1 was initially undertaken in the form of a pilot study 



conducted of streams under the responsibility of the US Army Engineer Dis- 

trict, Vicksburg, Vicksburg, MS. The purpose of the pilot study was to assess 

stream data availability and ease of collection and feasibility of the inven- 

tory effort. Prior to the initiation of the pilot study, a literature search 

was conducted to determine the precise parameters needed for stable channel 

design and analysis, and the availability of information/data on these 

parameters. 

7. A rather exhaustive checklist of the essential parameters has been 

completed. They are listed on the Stream Reach Inventory Form in Appendix B. 

If the form could be completed in detail, information on a number of regime, 

qualitative, and simple quantitative analysis techniques would be readily 

available. Additionally, all computerized stable channel design programs con- 

tained in the Conversationally Qriented Real-Time Programming System (CORPS) 

could be run using input data from this form. The form could also serve as a 

comprehensive checklist of important parameters for stable channel analysis. 

Pilot Studv 

8 .  During the period September through November 1.984, the pilot study 

was conducted of streams within the Vicksburg District. The District was 

divided into topographically similar regions, stream candidates were selected 

(without prior determination of data availability), and data were collected. 

Wherever multiple methods were available for measurement of various parame- 

ters, District personnel were asked to indicate the preferred method(s) or 

technique(s) . 
9. An average time of 3 man-days was required to study each stream. 

With this level of effort, no field trips were involved and additional data 

were required on all streams. Total time required to study each stream was 

estimated to be 6.2 man-days. At an average of 10 streams per District, a 

total of about 350 streams would need to be surveyed. This would require a 

total of about 8 man-years of effort, which was considered excessive. 

The Inventory Approach 

10. The present inventory approach resulted from a desire to obtain 

significant information quickly at minimal cost. This involved "brain- 

storming" sessions with key District personnel to identify facts about stream 



types, designs, and problem areas. This approach did not permit a comprehen- 

sive study of the streams, but did enable development of a list of priority 

items for future emphasis. 



PART 111: INVENTORY PROCEDURES 
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11. A number of preliminary activities took place prior to physically 

conducting the subject inventory. The following paragraphs describe these 

activities. 

Point of Contact 

12. Points of contact in the Division offices were provided by HQUSACE. 

Contacts at the time of the inventory, together with the contacts as of late 

1989 listed in parentheses, are shown in Table 1. The inventory was limited 

to Divisions within the continental United States plus the A-laska-Dgstxict. h .  

13. District points of contact were then developed from the recommen- 

dations of the Division representatives. Table 2 lists the District points of 

contact used for the inventory, with their replacements as of late 1989 also 

noted in parentheses. (Note: A computerized, Corps-wide "bulletin board" for 

hydraulic points of contact was suggested to supplement and update Tables 1 

and 2. The bulletin board could be used to query other Districts rapidly for 

their experiences with a new project design procedure or problem.) 

Stream Data Development 

14. District project map books, HQUSACE continuing construction computer 

printouts, and personal contacts were sources of information for identifying 

target streams in each District. After investigating several methods for 

classifying stream types, the methodology developed by Schumm (1981) was 

selected. The two-page coding sheet shown in Appendix A was designed for par- 

titioning the streams by "type." Different types of stream modification were 

also categorized and given two-letter identity codes, also defined in Appen- 

dix A. All stream information available in the District offices was coded on 

these sheets and additional pertinent facts included during the separate 

meetings with each District. 

A~enda Development 

15. When the inventory procedures were being developed, it was requested 



that specific related topics be added (e.g., OM). Eventually, a meeting 

agenda in the form of questions was completed to encompass most of the needs 

expressed. This agenda is given in Appendix C. The following general topics 

are included: (a) general flood-control channel design, (b) design problems, 

(c) design procedures, (d) research needs, (e) riprap, (f) grade control, (g) 

O&M, (h) environmental concerns, and (i) project review. 

Procedure 

16. The inventory procedure was as follows: (a) develop stream data for 

each District; (b) send a contact letter to each Division representative; 

(c) contact each Division representative by phone or in person; (d) send each 

District representative a letter containing a meeting agenda and a tentative 

list of streams to be discussed; (e) meet with each District; (f) send a draft 

copy of the pertinent trip report to each District for review; and (g) revise 

the trip report based on comments received. In addition, the results of the 

inventory were partially checked by asking students in the two "Hydraulic 

Design for Project Engineers and Planners" short courses taught at WES in 1985 

to fill out a questionnaire. Analysis of the completed questionnaires con- 

firmed the accuracy of the inventory in most cases. 



PART IV: INVENTORY RESULTS 

17. Inventory results reported in thic> p2-i-1s. are partitioned into the 

same three parts as the Inventory Meeting kjgr-.rlda shown in Appendix C, i.e., 

General Questions, Special Topics, and Specific Streams. Part V of this re- 

port gives further details on the analysis of results. A detailed breakdown 

of responses to questions asked at the meetings is given in Appendix D. 

Table Dl (pages D3 through D35) shows a breakout of common responses to ques- 

tions by District. Table D2 (pages D36 through D45) totals responses by ques- 

tions from all Districts. For example, under Question 1 (Table D2), "Types of 

Flood-Control Problems," 15 Districts s;ated that aggradation/silting was a 

flood-control problem (see pages D3, D14, and D25). Tables D3 through Dl2 

(pages D46-D55) show a breakdown by Corps Division of stream type versus modi- 

fication type, and Tables Dl3 and Dl4 (pages D56-D57) show the totals for all 

Divisions. The figures in this Part help clarify the material found in 

Appendix D. 

18. All responses to the questions depended heavily on the backgrounds 

of the meeting attendees. The importance of assembling a variety of personnel 

representing different areas of expertise was frequently emphasized. Each 

District was asked to appoint personnel from hydraulics, soils, O M ,  planning, 

environmental, and other disciplines that could supply input. The most valu- 

able and comprehensive information on streams was obtained from the Districts 

that cooperated most with this request. 

General Q u e s t i m  

Question 1 

19. Types of flood-control problems. This section includes problems 

involving virgin streams, streams altered by someone other than the Corps of 

Engineers, and streams altered by the Corps of Engineers. These are problems 

that cause or aggravate flooding (such as floodplain encroachment, ice jams, 

or levee failure), or cause or influence deterioration of a stable stream 

environment (such as bank caving, meandering, debris attack on a structure, or 

scour). Even though most Districts mentioned it, the obvious reason, "locally 

inadequate channel size," was not specifically included in Appendix D as a 

major cause of flooding problems. 



Miscellaneous 

11% 
Man's Influence 

16% Stability 
7% 

Figure 1. Types of flood-control problems 

2 0 .  Figure 1 summarizes the 173 responses to the question on types of 

flood-control problems. As indicated, the two leading responses relate to 

bank instability (26 percent) and silting problems (24 percent). Bank insta- 

bility includes toe and thalweg attack, debris attack, and foundation failure. 

General meandering and braiding are included under stabilfty. Silting prob- 

lems include general aggradation, channel filling, clogging and bar stabiliza- 

tion, and specific site deposition. (See Appendix D for detailed breakdown of 

information.) 

21. Other categories in order of number of times mentioned are (a) man's 

influence (urbanization, floodplain encroachment, in-stream mining, structural 

under- or over-sizing); (b) lake and tidal effects (general, wave attack, 

rising levels, backwater effects); (c) scour (general, point, at structures); 

(d) stability; and (e) miscellaneous (ice jams, interior drainage, fault 

lifting) . 
22. Most common stream types. Paragraph 14 gives the sources of infor- 

mation on stream types and the categorization technique. Additional stream 

types were added to reflect special types not otherwise indicated by the S-M-B 

classification (S = suspended load streams; M = mixed-load streams; and B 

= bed-load streams). See Appendix A for definition drawings of stream types 

and the stream questionnaire. District personnel sometimes found it difficult 

to categorize certain streams, even when drawings and descriptions of each 

different type were provided. Of course, different reaches of a single stream 

may fit different categories. Subcategories 2 and 3 under S-, M-, or B-type 

streams were the most common (meandering or alternate side bars). Streams 

flowing over bedrock were only incidentally included in the inventory and were 



mentioned about as frequently as tidal streams. 

23. Figure 2 gives a breakdown of stream type by percent of each type. 

Figures 3 through 5 show the percentages of each stream subtype. These fig- 

ures are based on Table Dl (pages D3-D35). The most common stream types are 

mixed-load streams of the M2 (fairly stable, alternate bars) and M3 (true 

meandering channel, wide bars) subtypes. These comprise about 18 percent and 

17 percent, respectively, of the total. The next most common is S3 (narrow, 

highly sinuous, small point bars) at about 16.5 percent. 

24. Figure 6 shows the Corps Division boundaries for Civil Works Activ- 

ities. Because Corps boundaries are based on river basin boundaries and not 

topography, attempts to divide stream type on the basis of Districts or Divi- 

sions met with minimal success due to the wide range of different types within 

each District or Division. 

25. Present proiect concerns. The data in this part of Tables Dl and D2 

(Appendix D) were obtained from two sources. First, District personnel iden- 

tified ongoing projects and future projects. Secondly, project map books were 

investigated for projects completed after about 1970. 

26. In a recent article, Robert Dawson (1986), past Assistant Secretary 

of the Army for Civi.1 Works, stated that new cost-sharing rules based on the 

passage of Public Law 99-662, the Water Resources Development Act (WRDA) of 

1986, will "undoubtedly lead to small-er projects on average than have been 

typical in the past." In discussions with various Districts, it was obvious 

that small, relatively low budget projects (Section 205's, 208's, 214's) domi- 

nate the scene. In most Districts, few, if any, large projects were in pro- 

gress. This fact has a positive impact on the types of design guidance, pro- 

cedures, and criteria required by the Districts. (Note: The St. Paul Dis- 

trict reported when reviewing the draft of this report that their District had 

experienced an increase in the number of large projects since passage of the 

WRDA. The Act actually authorized several large projects and set cost-sharing 

levels on small projects the same as for large projects, which tended to 

decrease the number of small projects.) 

Question 2, common methods used 

27. Figure 7, developed from Table Dl3 (page D56), shows stream rnodifi- 

cation (or improvement) methods used for actual projects. Levee work is most 

common with 19 percent, followed closely by channel improvement and bank 
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Figure 2. Stream type distribution* Figure 3. Suspended load (S- 
type) stream distribution* 

Figure 4. Mixed-load (M-type) 
stream distribution* 

Figure 5. Bed-load (B-type) 
stream distribution* 

* See paragraph 14 for sources of information and Appendix A for definitions 
of stream types and subtypes. 
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AL - Alignment change LV - Levees, f ioodwal ls ,  dikes 
BPRR - Bank protect ion, r iprap 00 - Other 
CS - Clearing and snagging SH - Shortening, cu to f f s ,  s t ra ightening 
DO - Diversion out  of channel SU - Paving, surfacing, 
EN - General enlarging concrete channels, e tc .  
EX - Select ive excavation XC - Auxi l iary  channels, new channel 
GC - Grade contro l ,  drops, weirs 

Figure 7. Common stream modification methods used (see 
Appendix A for complete list of improvement codes) 

protection. Clearing and snagging and channel shortening and straightening 

were also common methods listed. 

28. Both channel improvement and levee work usually involve bank pro- 

tection. (However, many smaller Section 14 bank protection projects were not 

included in this inventory.) Bank protection is thus the single most fre- 

quently occurring stream modification method in the Corps. Results of studies 

under the Streambank Erosion Control Evaluation and Demonstration Act of 1974, 

Section 32, Public Law 93-251 (commonly referred to as the Section 32 Program) 

indicated that the total annual damages resulting from streambank erosion 

amounted to about $90 million in 1969 dollars (HQUSACE 1981). Of the commonly 

used bank protection methods, riprap is the leader by far. 

29. Many Districts commented that, although the methods included in 

Figure 7 are the most common, they are often unpopular with local sponsors for 

a number of reasons, including required resources beyond their means, even 

when costs are shared by the Federal goverment. 

30. Some Districts reported that the choice of the method was often 

based on what had "worked" in previous projects or on the subjective prefer- 

ences of particular designers or reviewers. Untested methods and designs, 

though less expensive, were often not"'se1ected. Many designers expressed a 



desire for freedom to try newer, more imaginative designs and methods to meet 

the strict resource constraints of some cost-shared projects. They felt some 

Corps designs are more expensive and conservative than necessary. Some Dis- 

tricts have used methods not commonly found in the rest of the Corps. These 

methods are reported by District in Appendix E. 

31. Most postconstruction problems are associated with the response of 

an alluvial stream to some change in one or more of its controlling parameters 

(see Question 3, Table D2, page D39). If the channel is widened, aggradation 

may occur. If the channel is straightened or steepened, then degradation may 

occur in some cases, causing "headcuts" to move upstream, undermining highway 

bridges and undercutting banks. A meandering or braided stream closely con- 

fined within protected banks or levees may attempt to migrate through these 

structures (confinements) as part of its natural instability. 

32. Hydraullc structures also can alter streams and cause undesirable 

changes. Scour and reduced flows downstream of dams have lowered base levels, 

causing degradation in tributaries. Clogging of streams by tributaries carry- 

ing heavy sediment loads and entering below flow-control dams has had an ad- 

verse effect. Scour downstream from concrete channels, drop structures, or 

riprap-protected sections has in many cases eventually undermined those 

structures. 

33. Figure 8 divides postconstruction problems into six groups. The 

most common problem group is bank or toe failure (39 percent). This group 

includes a number of modes of 

riprap failure (see section on - - 

riprap design beginning with 

paragraph 45). The second most 

common problem at 29 percent is 

general vertical instability. 

This includes general aggrada- 

tion or degradation, headcut- 

ting, and choking by vegeta- 

tion, causing reduced 

conveyance and deposition. 

Horizontal General Vertical General 

Local 5% 

6% 

Other categories are horizontal Figure 8. Postconstruction 
problems (see paragraph 33) 

instability, local scour or 



deposition, and structure-mobile boundary integrity (e.g., transition design 

or flanking problems). 

34. The reasons for postconstruction problems are numerous. The Corps 

continues to emphasize consideration of channel stability in its project anal- 

ysis. However, inexpensive, yet accurate and simple tools for this analysis 

are not available. Adequate sediment data are usually nonexistent. And, too, 

streambank failure mechanisms are sometimes difficult to identify. Even such 

time-saving aids as microcomputers with adequate software are not always read- 

ily available. Problems are sometimes recognized soon after completion of a 

structure, but funding may not be immediately available to rectify the 

situation. 

Question 4, design scenarios 
and time and money constraints 

35. The most common adverse statement heard concerning present Corps 

design practices for flood-control projects is that there is not enough time 

and/or funds allocated during initial study phases to perform an adequate 

design. Districts often feel it is not possible to produce an adequate survey 

report, feasibility study, and plans and specifications within the budget con- 

straints, management structure, and timing of study funds inherent in the 

smaller projects. Yet, the requirements of the review system (see the section 

on project review beginning with paragraph 61) and conservative design crite- 

ria demand a detailed design identical to that required for much larger and 

higher budgeted projects. Several designers reported pressures on them to 

make estimates of certain design parameters at a reconnaissance level and then 

adhere to these early estimates throughout the design process in spite of 

their preliminary nature. 

36. New procedures contained in the WRDA of 1986 may impact this problem 

by forcing projects to construction on a shorter time schedule and involving 

local sponsors in the finances earlier in the planning process. However, some 

Districts are concerned with the perception of many municipalities that 

project planning and design take too long, the projects end up costing too 

much, and are often more sophisticated than envisioned. In many cases local 

cooperation may be lost because of administration changes or because the com- 

munity lost sight of the problem due to long periods of time between 

significant storm events. 

37. Several suggestions were made to remedy these situations: 



A disproportionate amount of the available funds is often allo- 
cated to such areas as project management and environmental 
analysis at the expense of engineering analysis. Adequate 
funding should be provided early enough for engineering analy- 
sis to determine if a project is economically and physically 
feasible and advisable. Available funds should be allocated 
according to technical priorities with flexibility for redis- 
tributing funds as needed. 

Recommended guidelines are needed for low-cost designs and 
simple analysis techniques. More freedom should be given for 
innovative designs. Funding should be provided for demonstra- 
tion projects to test innovative designs. 

Too much often unnecessary detail is required in study reports. 
They should be streamlined to allow maximum effort to be spent 
in data collection and design, not report writing. 

Reviews of relatively small projects should be delegated to the 
lowest possible echelon as a time-saving measure and to ensure 
regional and local familiarity with the projects. 

Additional funds should be allocated for detailed inspection of 
completed projects, especially by the design engineers them- 
selves. A data base of successful designs and design param- 
eters could then be developed. Basic prototype measurements 
and data collection would provide the basis for improvement of 
existing inadequate design criteria. 

Hore flexibility should be given for assessing and assigning 
project benefit/cost ratios. Section 914 of the WRDA may help 
through new provisions for evaluating flood damage reduction 
measures for which the Federal share is less than $3 million. 

More freedom should be given to set the physical limits of 
smaller projects far enough upstream, downstream, and stream- 
ward to actually solve the problem. 

More Districts should emphasize the process for conducting 
small project planning and design, rather than the end product. 
Districts should experiment with i-nnovative, organizational 
structures (e.g., matrix management) for planning small 
projects. 

Districts often do not use the recommended available guidance 
or mandatory considerations for various levels of report prepa- 
ration. More emphasis should be placed here and perhaps a one- 
or two-page checklist published simply as a memory aid. 

Communities are often unaware of available assistance programs 
and funding sources. Sections 922 and 942 of the WRDA provide 
for a wider range of technical services to local governments on 
a cost-reimbursable basis and for technical assistance for 
clearing and snagging of navigable streams on a 50 percent 
Federally funded basis. Communities should be fully appraised 
of all assistance programs and possibilities availa.ble to them, 
including sources other than the Corps. 

Corps-sponsored training courses should "walk through" the 



design process step by step, using a number of examples along 
with lectures on basic techniques. 

Question 5 

38. Desinn criteria needs. In an effort to help direct future 

research, Districts were asked to identify the design. guidance they need most. 

The responses not included under one of the special topics (i.e., riprap, 

grade control) are included under question 5. Since such a wide variety of 

design guidance needs were expressed, there was no way to group them logically 

for practical use. They were, therefore, arranged al.phabetically by key word 

in Table Dl. It is hoped that these needs will align with those included in 

the Corps Research Meeds System (HQUSACE l982b) and, perhaps, also provide 

some new direction. 

39. Two general topics were the most prominent: 

a. Guidance on the use of a number of different streambank protec- - 
tion methods (including gabions, detailed riprap guidance, and 
a reevaluation of the Section 32 Program results). Streambank 
protection is the most common type of work done in the Corps. 
Riprap may not always be acceptable to local sponsors due to 
the lack of availability, high cost, difficulty to maintain, 
safety hazards, vandalism, or aesthetics. Yet, little guidance 
exists for the use of the many commercially available products 
or different design methods (e.g., vegetation combined with 
matting structure). See "Special Topics9' for further 
information. 

b. Guidance on channel stgbility/sediment transport analysis tech- - 
niques that could be quickly performed in the office. Detailed 
sediment transport analysis is often beyond the technical capa- 
bilities of many engineers and the budgets of most projects. 
Additionally, adequate data are almost always not available for 
smaller projects. Some type of method or methods are needed 
that will give (I) reasonable estimates of transport volumes; 
(2) indication of type and magnitude of stability problems; and 
(3) sufficient flexibility to aid in assessing alternative 
designs. 

40. Guidance for some of the topics mentioned already exists, either in 

the form of articles or publications, or in the form of expertise on similar 

projects (see next section) in the Corps. Districts would greatly benefit 

from the following: 

a. More cross-commu.nication on common project concerns through the - 
use of newsletters, symposia, and/or training courses. Several 
Districts suggested that some courses taught at the US Army 
Engineer Hydrologic Engineering Center (HEC) and WES be primar- 
ily for the purpose of such cross-communication. Perhaps they 
could be symposia rather than courses. 



b. Being able to conveniently access WES, HEC, HQUSACE, or other 
Corps agencies as centers of expertise for assistance in such 
areas as background research, one-stop consulting, and numeri- 
cal and physical models. Several Districts stated that they 
avoid using WES for physical models because of the excessive 
time it usually takes to get results. 

c. Better communication and more efficient documentation and up- - 
dating of the sources of information that already exist, but 
are frequently unknown to Corps design engineers. Examples in- 
clude the Hydraulic Design Criteria, Engineer Technical Letters 
(ETL's), EM'S, various Corps and commercially available short 
courses, CORPS, programs available from individual Districts 
and other laboratories, and commercially available software. 

41. Expertise. Every District has expertise in some aspect of flood 

control. However, there is often a general reluctance to claim expertise in a 

certain area beyond actual experience. All Districts are cautious about 

entering design environments wherein they have little or no experience. 

Obviously, many other topics could be listed under this heading, but only 

those specifically mentioned by the Districts were included in this report. 

Some topics were included because Districts may have used particular methods, 

other than those found in official Corps guidance, and found them to be sue- 

cessful, even though specific expertise was not claimed. 

42. The section in Table Dl (pages Dll, D21, and D33) on "Miscellaneous 

Expertise or Knowledge" should, therefore, not be considered as all-inclusive. 

Appendix E contains a listing of specific stream improvement methods that were 

either mentioned during the meetings or reported later in writing 

43. Several Districts suggested that someone at the HQUSACE level 

should be able to accurately assess expertise Corps-wide and direct Districts 

to the right sources. Knowledge of available expertise was felt to be an 

important need. 

44. The idea of setting up centers of expertise in certain design areas 

was often mentioned. Most Districts felt that the idea was good in theory, 

but may not be workable in practice for a number of reasons, including the 

following: 

a. The unwillingness of many Corps employees to relocate. - 

b. The parochialism of many Districts. - 

c. The need for knowledge of local unique conditions (not the - 
least of which is political). 

d. The requirement for this expertise to be accessible on a 
day-to-day basis. 



e .  The l i m i t a t i o n s  on the  spread of knowledge and t r a i n i n g  t h a t  - 
would occur with formation of t echn ica l  e l i t e  groups. 

Specia l  Topics 

Riprap des ign  - 

45. F a i l u r e  causes.  Figure 9 shows t h e  most commonly repor ted  causes  

of r i p r a p  f a i l u r e .  The f i g u r e  does no t  i n d i c a t e  e i t h e r  the  number of s treams 

a f f e c t e d  by a c e r t a i n  f a i l u r e  mode o r  the  d o l l a r  amounts involved.  Figure 9 

was cons t ruc ted  simply by summing the  number of times a c e r t a i n  r i p r a p  f a i l u r e  

mode was recorded by each D i s t r i c t .  Table D l  (pages D 8 ,  Dl9 and D30) con ta ins  

the  d e t a i l s  used t o  develop Figure 9 .  

- . .. Toe Attack 

Size, Tranqu 
7% 

Placement 
15% 

10% 
Flanking Debris 

10% Waves 5% 
5% 

Figure 9 .  Riprap f a i l u r e  causes 

46 .  A s  i nd ica ted  i n  Figure 9 ,  fou r  of the  leading  causes of r i p r a p  

b lanket  f a i l u r e  a r e  poor bedding, angled flow a t t a c k ,  s tone  s i z e ,  and poor 

placement procedures.  Fa i lu res  due t o  r i p r a p  s tone  s i z e  were divided i n t o  two 

subca tegor i e s ,  i . e . ,  "S ize ,  Tranquil"  and "S ize ,  Turbulent , "  i n  Figure 9 t o  

r e f l e c t  f a i l u r e  causes based on flow c l a s s i f i c a t i o n .  Low turbulence f a i l u r e s  

would tend t o  be boundary shear  genera ted ,  while  high turbulence f a i l u r e s  

would tend t o  be caused by excessive tu rbu len t  fo rces  generated by ab rup t  

changes i n  channel geometry o r  boundaries .  Descr ip t ions  of th ree  of t h e  main 

causes of r i p r a p  f a i l u r e  fol low: 

a .  Poor bed din^. Bedding f a i l u r e  r e f e r s  t o  bank sloughing,  seep- - 
age f a i l u r e s ,  f a b r i c  problems ( s l i d i n g ,  clogging,  t e a r i n g ) ,  
granular  f i l t e r  problems, and any o the r  foundation f a i l u r e  
problems. 

b.  A-n~led flow a t t a c k .  Flow angle  r e f e r s  t o  a  high v e l o c i t y  of 



flow concentrated on a particular bank location. This can be 
caused, for example, by meandering or braidi-ng, alternate bars, 
or obstructions. Toe attack is a closely related phenomenon. 

c. Poor placement procedures. Poor placement refers to proper - 
gradations either not available or not used, poor stone quality 
(i.e., shape, ability to withstand weathering), stone segrega- 
tion, and/or poor maintenance. 

47. Other methods used. Several Districts have their own methods for 

riprap stone sizing and/or grading. This, they indicated, is due to dissatis- 

faction with general sizing and gradation guidance. Their methods range from 

those provided by other agencies to primarily empirical methods. Table Dl 

(pages D9, D20, and D31) presents some details on these methods. 

48. Related research and guidance - needs. Figure 10 summarizes the most 

commonly mentioned riprap research or guidance needs from Table Dl (pages D9, 

D20, and D31). (Note: WES has developed much improved general riprap design 

Miscellaneous 
7 % 

\ 1 Specific Design 
Placement 13% 

13% Foundat ion 
7% 

Figure 10. Riprap design criteria needs 

guidance and criteria since the inventory reported herein was completed.) The 

two most commonly heard criticisms concerned the perceived inadequacy of rip- 

rap design guidelines, in general, and the overconservatism of gradation 

requirements, in particular. All other topics are, in essence, subsets of 

these two. Further discussion of needs for improved design guidance led to 

the following: 

a. The most often mentioned and acutely felt need is for a compre- - 
hensive riprap design manual covering all aspects of design and 
every situation. Several coastal. Districts stated that design 
guidelines presented in various publications are not compat- 
ible. Every District felt that adequate guidance di.d not exist 
for transition design; design for higher velocity channels, 
such as mountain streams; riprap above and below a structure; 
stone quality criteria; foundation considerations; use and 



design. of f i l t e r s  ; placemerit methods ; r i p r a p  i n  bends anti 
bra ided  s t reams;  r i p r a p  and l e v e e s ;  stabile toe  des ign  inc ludi r -~g  
depth of scour  e s t i m a t e s ;  and use of  g rou t  t o  reduce r i p r n p  
s i z e  i n  t u r b u l e n t  flow conditl ions.  I ) i . s t t - ic t s  a l s o  need t o  know 
t he  a r e a s  f o r  which adequate clesi.gn g ~ ~ i d a r l c e  i s  ~iot.. a-vai.l;il~:l.c: 
and what i-s be ing  done about i t .  

b .  Current  des ign  gu ide l ines  a r e  o f t e n  s u s p e c t .  Spec%ficall . :y,  - 
(1) t h e  r i p r a p  s i z i n g  method presented  i n  E1'I llI.O.-~2-160l 
(HQUSACE 1970) was o f t e n  c i t e d  a s  n o t  provid ing  reasonable  
answers f o r  sha l low,  sma l l ,  o r  r a p i d l y  f  lowi.ng 2; creams. 'Ehis 
method w i l l  a c t u a l l y  n o t  converge on an answer at- a : l l  f o r  some 
real-world s i t u a t i o n s .  (2) AddiLionaLly, many D i s t r i c t s  a r c  
confused about which des ign  methods and s a f e t y  f a c t o r s  t o  u s e .  
A s imple ,  easy-to-.visual.i.ze rnethod i s  needed. ( 3 )  A be t t e . r  
d e f i n i t i o n  of p e r t i n e n t  s t ream ve locL t i e s  and how t o  a c c u r a t e l y  
measure o r  e s t ima te  v e l o c i t i e s  i s  u rgen t ly  needed. (4)  Severa l  
D i s t r i c t s  s t a t e d  t h a t ,  a l though they  agreed t h a t  I~ouz~dary shear  
concepts  a r e  a p p l i c a b l e ,  shear  i s  not poss ib l e  t o  nleasure arid 
should be convertzed t o  an app l i cab le  v e l o c i t y  t h a t  could be 
r~ieasured o r  esti.ma ted . .  S e v e r ; ~ l  exic; t i n e  D i s t r i . c t  methods do 
t h i s .  

c .  Many f e l t  t he  g rada t ion  s p e c i f i c a t i o n s  o r  method f o r  determin- - 
i ng  grada t ions  i.s ove r ly  conserva t ive  anrf  unrea:! i.s t - ic .  T!le 
present: methods r e q u i r e  narrow and mu1 tip1.e gratiati-ons th:i t 
d r i v e  p r o j e c t  c o s t s  up o r  a r e  unatt2ninable a t  ally p r i c e  f o r  
many small p r o j e c t s .  Some suggested a s t anda rd  r i p r a p  gra-da- 
t i o n ,  o r  t:tie g rada t ion  approved by t h e  s t a t e  i-n which tl.1r.y 
o p e r a t e ,  be pe rmi t t ed  i n  Corps s p e c i f i c a t i o n s .  

4 9 .  There were a number of ques t ions  asked about tlesigrl situdticio:; ;illtZ 

placement methods. One r eques t  was f o r  d o c u m e n t a t i . ~ ~  of d i f f e r e n t  s t ream 

mod i f i ca t ion  techniques ,  suc:h a s  Iowa vanes and Gobimat, There was a genera l  

f e e l i n g  t h a t  the f i nd ings  of t h e  Sec t ion  32 Program wcrp never  f u l l y  cxplorr t l  

f o r  p o s s i b l e  a p p l i c a t i o n s .  Sec t ion  603 of the WRQA :iuthorizes acid i ti oal,i l 

streambank e r o s i o n  r:ontrol p r o j e c t s  w i t l r  a 15 pe rcen t  non-Federal cost--sha~. i r>g 

p r o v i s i o n .  This  may provide an apport:uni t:y t o  1:'urt:her eval,~.~;jt:e and t e s t  prom-- 

i s i n g  methods in t roduced  under t h e  Sec t ion  32 Program. The followlrrg i s  

inc luded  t o  h e l p  c l a r i f y  Figure 10:  

a .  "Placement" r e f e r s  t o  ques t ions  concerning use  of f i l t e r  fabr i -c  -- 
beneath r i p r a p ,  underwater e.rnpl.acement methods, l n  t e r a l .  e x t e n t  
of r i p r a p ,  s tone  s p e c i f  ic;lti.ons, qu.aLi t:y con t ro  L , and va r ious  
cons t ruc t ion  techniques , 

b .  "Spec i f i c  Design" refer:; t o  a v a r i e t y  of r:i.prap dc:;i.,g~ i.nfor--- 
8 ,  ination needs r e l a t i v e  t o  spec i f  i.c prc?;j cct cont!.'i t i o r l : ;  . lhi~st ;  

inc lude  boa t  p r o p e l l e r  wash, e f f e c t s  o f  vege ta t ior l ,  i c e  attack, 
s i z i n g  near: s t r u c t u r e s ,  and s i z i n g  i n  and around g ro ins  and 
d i k e s .  



c. "Miscellaneous" topics of concern are (1) a better definition - 
of angled flow forces and sizing criteria for them; (2) a way 
to design for bends that uses the actual thalweg shape and not 
the channel shape; (3) handling foundation failure problems; 
(4) toe design for all cases; (5) transition design; and 
(6) miscellaneous other topics given in Table Dl (Pages D9, 
D20, and D31). 

Grade control 

50. General comments. A wide variety of grade control designs and 

experiences exist within the Corps. The Vicksburg District continues to con- 

struct more grade control structures than any other District. The Missouri 

River, South Pacific, and North Pacific Divisions also have extensive experi- 

ence in grade control structure design. All Districts with an abundance of 

alluvial streams have had some experience with drops, sills, weirs, or some 

other form of grade control. A number of local methods are used for spacing 

and drop height design, although every District confirmed the need for 

research in this area. Some designs are driven by cost limitations, some by 

hydraulics. The "bottom line" feeling is that the "unknowns" in grade control 

design greatly outweigh the "knowns." 

51. Research needs. All needed grade control research could be catego- 

rized under "Comprehensive Criteria." However, the other needs, as summarized 

from Appendix D, are also shown in Figure 11. The category "Comprehensive 

Criteria" includes (a) design of low-cost structures, (b) sedimentation analy- 

sis, (c) local scour analysis, (d) stable slope determination, and (e) how to 

attain a stable slope with spacing and drop. 

Alter natives 
23% 

Safety  
9 % 

Basin Design 
14% 

Figure 11. Grade control research needs (see 
detailed needs in Appendix D and explanation 

in paragraph 51) 



52. Considering the direction of the comments as a whole, a comprehen- 

sive and coordinated research program for the improvement of grade control 

structures was suggested. The suggested program includes the following: 

a. A comprehensive literature search including all aspects of - 
grade control design. The literature search would serve as a 
basis for determining the other research tasks. 

b. Data collection from specific sources including the Vicksburg - 
District's Demonstration Erosion Control (DEC) project in the 
Yazoo Basin, Los Angeles District projects, and Missouri River 
Division's Gering Valley. 

c. Physical model studies adjusted to the prototype data. This -- 
would allow different boundary and configuration conditions to 
be quickly evaluated. 

d. An assessment of new or potential materials and techniques, - 
such as gabions and grouted riprap. 

e. Mathematical model studies verified to both prototype and .- 
physical model results. This would allow the generation of a 
wide ra.nge of data for possible development of design charts, 
nomographs, and other relationships. 

f. Initiation of additional demonstration studies, such as the DEC - 
program. 

Environmental 

53. General comments. Concern for the environment has become a major 

design consideration of all Districts. However, many feel that environmental 

concerns are not being addressed in an efficient or timely manner. 

54. Some specific District comments follow: 

a. Concern for the environment, although important, has not always - 
fit easily into a design procedure or actual design. Fortu- 
nately, Sections 906-908 of the WRDA provide for mitigation 
areas to be set aside prior to or concurrent with land acqui- 
sition for construction, and a mitigation fund of $35 million 
per year. In addition, the WRDA redefines benefit/cost proce- 
dures for environmental quality measures. Section 924 of the 
act establishes an Office of Environmental Policy in the Civil 
Works Directorate to oversee various environmental activities. 

b. Environmental features are often not compatible with the hy- - 
draulics of a project (e.g., low-flow channels in a heavy bed- 
load stream, boulders just off the apron of a stilling basin, 
alternate bars in a stream that has just been excavated and has 
questionable planform stability). In addition, environmental 
features are sometimes incorporated too late for maximum 
benefits to be derived. 

c. More coordination should take place between the Corps and other - 
agencies and special interest groups early in the planning 
stage. Such action would help prevent objections by 



environmental groups from occur r ing  l a t e  i n  t he  des ign  process  
and t h e  p o s s i b l e  need t o  provide f o r  add-on environmental 
f e a t u r e s .  

d .  The smooth coord ina t ion  of  environmental concerns i s  most o f t e n  - 
a  f u n c t i o n  of t h e  p e r s o n a l i t i e s  of t he  p a r t i e s  involved .  Some 
s t a t e d  t h a t  t h e  perce ived  con t rove r s i e s  between t h e  Corps and 
environmental groups could be avoided through e x t r a  e f f o r t  and 
unders tanding ,  i f  communi.cation was e s t a b l i s h e d  e a r l y  i n  t h e  
p lanning  phase. 

e .  L i t t l e  i s  known about t h e  e f f e c t s  of c e r t a i n  environmental - 
des ign  fea . tures  on t h e  v i a b i l i t y  of h y d r a u l i c  structl..tres ( e . g . ,  
v e g e t a t i o n  e f f e c t s  on r i p r a p ,  meander c u t o f f s  l e f t  p a r t i a l l y  
open, notches i n  drop s t r u c t u r e s ,  boulders  i n  an  u n s t a b l e  
s t ream,  one---sided channel c l e a r i n g ) .  

f .  Often t h e  c o s t s  of e n v i r o m ~ e n t a l  f e a t u r e s  a r e  un:reasonable - 
compared t o  t h e  be -ne f i t s  of t h e  p r o j e c t  a s  a  whole, arid l o c a l  
sponsors  a r e  no t  w i l l i n g  t o  bea r  t h a t  f i n a n c i a l  burden.  main- 
tenance of env-ironmental f e a t u r e s  i s  t oo  o f t e n  n e g l e c t e d ,  de- 
f e a t i n g  t h e  ve ry  purpose of t h e  s t r u c t x r e  and harming t h e  
f iood-conilrol p r o j e c t  . 

55. Ih~-,Ih~gg..feature.s. The environmental des ign  f e a t u r e s  and considera-" 

t i o n s  dep ic t ed  i n  Figure 1 2  a r e  a  compilat ion of what has  e i t h e r  been recom- 

mended o r  a l r eady  b u i l t  by t h e  Corps, (See Table Dl,  pages D12, D23, and D34, 

f o r  a  more d e t a i l e d  breakdown.) Numerous pub l i ca t ions  desc r ib ing  t h e  consid-- 

e r a t io r?  of  envi-r::onme~ztal f e a t u r e s  i n  f lood-cont ro l  channels  and relaCed 

des i  gns a r e  availab1.e L'rom t h e  WES Enviromiental Laboratory ( E L ) ,  whic21 has  

completed a comprehensive survey of  erlvironmental fearu-res  inc luded  -in Corps 

p r o j  ectls . 

5 6 .  Desc r ip t io s !~  o f  tt).e major environmental f e a t u r e s  i nc luded  in 

a .  "Veget:ationn inc ludes  both  the  p r e s e r v a t i o n  of c e r t a i n  v e g e ~ a - -  -. 

t io i?  a long s treams o r  i n  overbank l o c a t i o n s  a s  w e l l  as reveg-- 
etation o r  v e g e t a t i o n  es tab l i shment  e f f o r t s .  

. "Cons.;:ruction Tinix?gn r e f e r s  t o  t he  l i m i t a t i o n  o f  coaisti.nction 
acti.v-i:[-ies t o  c e r t a i n  t imes of t h e  year  ( e . g . ,  before  o r  a f t e r  
spawn%ng o f  salmon o r  o t h e r  seasonal  windows). 

c. "Co;ost~:ucti.on L,iini.tsU r e f e r  t o  t h e  l i .m i t a t ion  of the  h o r i z o n t a l  
o r  .verti.cril ex ten t  of a  p r o j e c t  ( e .  g. , r e se rved  wetl.and a r e a s ,  
dredged n!ater:ial. d i sposa l  l i m i t  a long channel  widening on one 
sit'le on;.y, and overbank excavati-on only)  , and l i l n i t a t i c n s  on. 
use  oF c e r t a i n  rnateri-als (such a s  use of r i p r a p  on]-y, s tone  of 
a  c e r t a i n  pH) . 

d .  "Shape Modif ica t ions"  inc lude  t h e  c o n s t r u c t i o n  of low-flow or  
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Figure 12. Environmental features 

pilot channels, certain channel shapes, and pool and riffle or 
meander maintenance. 

e. "Channel Structures" refer to a variety of structures designed - 
to enhance the environment, from those which facilitate fish 
breeding and passage to those which have primarily aesthetic 
purpose. 

Operations and Maintenance 

57. General commerGs& Project performance should be periodically 

assessed to determine the validity and accuracy of approved design and con- 

struction techniques and the need for O M .  This is particularly true for 

channels in which sediment transport plays a major role. Unfortunately, not 

very many personnel with O M  experience attended the meetings held in conjunc- 

tion with this inventory. One noteworthy shortcoming of the design process is 

that there is often not enough time or resources for the designers themselves 

to field-inspect periodically the postconstruction performance of numerous 

small projects . 
58. Specific comments, The comments recorded here came primarily from 

the perspective of designers, rather than O&M personnel. Many Districts gave 

few or no answers to this set of questions, 

59. By far the most common method for estimating O M  requirements was 

given as "experience" or "judgment." Other reported ways of O&M estimating 

included percent of first cost, compairison with similar projects, and how much 

money the locals could reasonably afford to spend. The "percent of first 

cost" method may not be applicable because sometimes the more money a project 

costs, the less the maintenance it requires. 



60. The general consensus is that O&M requires better procedures for 

cost estimation, more feedback, and a better enforcement program. The follow- 

ing specific comments are common to a number of Districts 

a. Funding has not kept pace with project deterioration, thus - 
allowing many projects to fall into a state of disrepair. 

b.  There is little feedback from 0&M or inspection reports to the 
designers. Designers usually do not have the opportunity to go 
on field inspections, and thus have little knowledge of the 
success or failure of their projects. Several engineers stated 
they probably make the same mistakes over and over again due to 
the lack of corrective feedback. One District used this stream 
inventory effort to justify comprehensive field inspections, 
which were found to be very enlightening. 

c. The maintainability of a project is often not given sufficient - 
consideration during design. Some designers expressed a need 
to receive training on maintainability as a design 
consideration. 

d. Often, inspections are done by individuals not sufficiently - 
trained to recognize current or potential stability-related 
problems or are not sufficiently funded to enable spending the 
time necessary to analyze potential problems and to formulate 
reasonable solutions. Several Districts suggested that a 
course for inspectors be developed or that designers be trained 
in inspection procedures. An inspection checklist and guide 
for local flood protection projects exists (HQUSACE 1 9 7 3 ) ,  but 
is often not employed. 

e. Sediment-related O&M estimates are very difficult to make, and - 
often little data are available. Guidance is needed. 

f. Many projects have become ineffective due to lack of mainte- - 
nance. Well-maintained projects are the exception rather than 
the rule. Preventive maintenance is often not done, There 
seem to be no "teeth" in the rules for enforcing maintenance 
agreements after a project is turned over to locals. Existing 
enforcement methods are apparently not seen as effective. Pro- 
visions in Section 402 of the WRDA, requiring compliance with 
floodplain management programs, may have a beneficial impact on 
this situation. 

g. Often, insufficient guidance is given to local sponsors on 
their expected maintenance costs and procedures. 

h. Several Districts felt they had a good "handle" on the O&M - 
issue. These Districts'programs typically include team in- 
spections of some projects, review of inspection reports, some 
type of data base, and more realistic estimates of 0&M costs. 

Proiect review 

61. General comments. Early in the pilot study, the subject of the 

project review process became an issue. Questions concerning the process were 



asked in an attempt to identify problem areas. The responses revealed the 

most common reviewer comments: (a) insufficient project documentation details 

and (b) inadequate consideration of alternatives. The most common comment by 

the District project engineers was that reviewers require unrealistic amounts 

of detail or consideration of alternatives in view of the time and funding 

constraints for relatively small projects. 

62. Other comments by Districts on the project review process include 

the following: 

a. The review process takes too long. Often, when the review - 
comes back, reanalysis must be done to update the hydrology or 
the local momentum is lost and the local sponsors will no 
longer support the project. New cost-sharing requirements, 
emphasis on expeditious design-to-construction times, and Dis- 
trict uniformity in procedures mandated by the WRDA may improve 
this situation. The WRDA also provides for an in-depth study 
of Corps capabilities to expedite project planning and 
construction. 

b. Redesigning projects after review is expensive. Specific - 
design and reporting requirements are not sufficiently docu- 
mented in advance (e.g., sensitivity analysis, roughness coef- 
ficients, or levee freeboard guidance). Known design and re- 
porting requirements are often unrealistic in view of time and 
funding constraints (e.g., interior drainage design 
procedures). 

c. Review of some types of small projects should be delegated to a - 
lower level (e.g., Section 14 projects). 

d. Innovative or new designs are discouraged. Designers felt they - 
were often limited to using riprap for projects when some other 
less expensive bank protection method would also work. 

e. Designers are confused about what information contained in the - 
manuals should be considered as su~pested "guidance" and what 
should be considered as mandatory design "criteria," e.g., dif- 
ferent riprap design procedures and safety factors. The 
manuals should make a clear distinction between the suggested 
procedures and the rules that must be followed for project 
approval by reviewers. 

f. Many reviewers' comments are very subjective, i.e., the re- - 
viewer's opinion against that of the District's. Several Dis- 
tricts felt that they had more experience than the reviewers in 
certain areas, but were not given the freedom to use their 
engineering judgment. 

63. Specific comments. The most common reviewer comments on reports 

prepared by the Districts are shown in Figure 13. The major categories in 

Figure 13 are explained as follows: 

a. "Outdated" refers to the use of methods or material that have - 
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been superseded by new materials. New design manuals and other 
guidelines all too often do not reach the individuals who need 
them most. 

b.  "Detail" refers to a review comment indicating a need for more 
detailed information on one or more project features. 

c. "Stability" refers to the lack of suitable or appropriate - 
analysis of a stream's postproject stability. 

64. Appendix F summarizes some of the most common HQUSACE review 

comments. 

Specific Streams 

65. Every potential stream of interest was initially recorded on a form 

similar to the one shown in Appendix A. Some of these streams were then 

selected for this inventory and further study. The selected streams are 

listed in Appendix G and discussed further in the remainder of this report. 

Reasons for selecting particular streams for further study included (a) good 

example of a successful design method, (b) an example of a stream that ad- 

versely responded to modifications, or (c) a stream on which sufficient data 

for analysis were available, 

66. The 127 different streams selected for further study were parti- 

tioned by stream type as shown in Table 3. As indicated in the table, S2- and 

S3-type streams were the most numerous by subtype. The mixed-load (M) stream 

type was the largest major group at 37.79 percent. The inventory indicated 

that further study is most urgently needed for M2- and M3-type sand bed, 

mixed-load streams (meandering with point bar development and movement), these 

types of streams being of greatest concern to most Districts. 



PART V: ANALYSIS 

Promisin~Besign Techniques -----.~ 

67. As indicated earlier, this inventory was concerned primarily with 

the design and analysis of stable flood-control channels in natural materials. 

Other topics were addressed incidental to that focal topic. Design techniques 

for ancillary channel features have been addressed under headings such as 

"Riprap Design." Various design techniques and experiences, many of which may 

be unique to a specific District or Division, are noted in Appendix E. This 

part of the report briefly discusses noteworthy design information or tech- 

niques used or suggested by various Districts or on which more information is 

desired. 

68. The most interesting techniques and experiences, together with 

references or sources of information, are mentioned in the following para- 

graphs. This list is certainly not exhaustive but it does reflect both the 

current state of design in the Corps and prospective directions to explore. 

No attempt has been made in this study to de-velop a comprehensive list of 

pertinent references, The WES Hydraulics Laboratory and/or the Districts 

mentioned can provide further information on request. Many of the methods 

identified have been applied on a limited basis with some success, but remain 

unproven for a wide range of  appl.ic:a&ions (or have the range limits defined). 

a. The assessment of ways to approach flood-control channel im- - 
provement projects needs a framework for identifying various 
levels of analysis. Figure 14 (Pngram 1987) shows one approach 
to analyzing proposed alternatives. Another example is the 
detailed multilevel arlalysis technique developed by Sirnons , Li , 
and Associates (1.982).  Others have developed their own field 
and/or office assessment methods. Examples are those developed 
by Schmidgall in Southwest Division, Harrison and MeElema in 
Missouri River Division, and Spoor in Ohio River Division. 

b.  A number o:E fairly well--known qualitative relationships were 
mentioned throughout the course of the inventory. Some of the 
most popular were tIzose by Lane (1955), Simoans and Senturk 
(1977), Schu-mm (1977, l980), Bettess and White (1983), and 
Leopold and Wo%n~an (1957). These serve as tools to aid in the 
initial assessment of project alternatives and possible impacts 
regarding channel response. 

c. The Soil Conserva!:ion Service publication Technical Release - 
(TR) 25 (1977) wns mentioned by several Districts. It contains 
direction on how co employ tractive stress analysis, tractive 
power analysis, 2nd a modified regime approach, together with 
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instructions on how to make estimates of sediment transport 
impacts on channel stability. Most Districts who used this 
publication highly recommended it. Many of the methods in 
TR 25, including permissible velocity approach, have been com- 
puterized and are available in CORPS program number H0941, 
"Stable Channel Design From Five Methods."* 

d. Neil1 (Northwest Hydraulic Consultants 1984) has developed a - 
modified regime approach that has been applied to a number of 
gravel stream data sets and several streams nationwide. It 
shows good promise and should be further tested. Another op- 
tion is to develop similar regime equations or coefficients for 
the current relations for each stream type and/or geographical 
area. This would require a massive data collection effort. 

e. A sediment budget type approach is suggested in EM 1110-2-4000 - 
(HQUSACE 1989). Flow and sediment duration curves are calcu- 
lated for a specific project site, sediment yield is estimated 
using an approved method (Dyhouse 1986), and project impact is 
then assessed. Sediment budget has been used by several Dis- 
tricts for such estimation (Sing 1986). This method has the 
advantage of being directly related to the hydraulics of the 
site and is not as dependent on empirical relations. 

f. Several Districts have demonstrated the use of limited data in - 
a sediment analysis. For example, one report from the Memphis 
District demonstrates this type of flexible use of available 
data. ** 

g The Vicksburg District and Water Engineering and Technology, 
Inc. (1989), have developed a systems approach to watershed 
analysis. The approach was developed for watersheds in the 
Yazoo River Basin, but it has potential application to other 
watersheds. The main function of the approach is to assist in 
the rehabilitation of incised channels, although new flood- 
control channels may also be designed with the approach. His- 
torical data, field investigations, geotechnical investiga- 
tions, geomorphic analyses, and hydrologic/hydraulic analyses 
are all incorporated in the approach. Through the analysis and 
synthesis of the data, stability parameters, both hydraulic and 
geotechnical, are developed for channel reaches that exhibit a 
state of dynamic equilibrium. The parameters are applied to 
the remainder of the watershed to determine the relative sta- 
bility of the channel bed and banks. This provides a rational 
basis for development of rehabilitative measures. Two levels 
of approach application are possible: a level that is computa- 
tionally simplistic yet helpful in planning studies, and a 

* This computer program is available from the Engineering Computer Programs 
Library, Customer Assistance Group, Information Technology Laboratory, WES. 

* US Army Engineer District, Memphis. 1985 (22 Jan). "Engineering Analysis 
of Sanding Damages and Induced Flooding Along Upper St. Francis Ri.ver, 
Arkansas," LMMED-H, Letter Report to Mi.ssissippi River Commission, 
Vicksburg , MS. 



level that is more computationally intensive and useful during 
the design phase of a project. 

h. Smith (1977) presented a semiempirical approach that shows - 
promise. It involves a type of sediment balance using the 
Colby transport function. It is applicable for sand sizes be- 
tween 0.1 and 0.4 mm. Griffiths (1983) has also presented a 
similar approach and has defined a stability index to assess 
stream stability. 

i. Jackson and van Haveren (1984) provided an example of a combi- - 
nation of geornorphic, hydraulic, and hydrologic principles 
applied for preliminary stability assessment. This type of 
hybrid analysis also shows promise. 

i. Because most Corps engineers are familiar with the use of 
HEC-2, it has been suggested that a sediment transport routine 
be added to it. The data required would necessarily have to be 
easier to obtain than the data required for HEC-6. A number of 
simple transport relations are available on the CORPS system. 
(Note: HEC continues to expand the capability of HEC-2 for use 
in hydraulic design. Users should check with HEC to obtain the 
latest version of this program.) 

k. A report by Robbins and Simon (1983) detailed the impact of - 
man-induced changes on west Tennessee tributaries. Several 
analytical methods were developed to analyze these streams. 
These tools can predict rate of channel adjustment propagatj.on 
along a stream, using a combination of stream power concepts 
and functions of slope and time. These predictive capabilities 
show promise of extension to other areas. (Note: The Lower 
Mississippi Valley Division indicated that they do not sub- 
scribe to the design techniques reported by Robbins and Simon. 
The Memphis District elaborated on the reasons for this by 
stating that the empirical relationships were developed from 
streams in the West Tennessee Tributaries Project, where im- 
provements were stopped by court injunction and not completed 
as designed. This resulted in unusual circumstances and stream 
responses that are not representative of the responses expected 
of a drainage system subjected to channel improvements. In 
analyzing bridge impacts, not all pertinent factors were 
addressed to the appropriate level in the report. Thus, the 
conclusions regarding bridge impacts are not supported by the 
data presented.) 

I. Several graphical methods of stable channel design also show - 
promise. Chien (1955a) uses the Einstein bed-load function to 
develop nomographs that depict slope and depth required to 
conduct a specified flow and sediment load. Chang (1985a) pre- 
sents a graphical method using the stream power approach for 
canal design for distributary systems. 

m. Stability analysis of coarse alluvial channels is discussed in 
several articles from Colorado State University, Fort Collins, 
CO. (Simons and Hamilton 1969 and Bhowmik and Simons 1969). 
These procedures should be checked against applicable streams. 



n. A channel "in regime" is defined as having no net erosion or 
deposition over a flow cycle. A myriad of regime-type rela- 
tions exist. Several have been mentioned previously. Several 
Districts and other Corps staff personnel suggested that a data 
base be created so that a number of the most promising regime 
relations could be tested, new relations created, and coeffi- 
cients defined. Mueller and Dardeau (in preparation), as well 
as several textbooks, provide in-depth overviews of regime 
methods. Henderson (1963) and Chien (1955b) provide insightful 
analysis, 

o. The San Francisco District has developed a method for stability - 
analysis using Froude number concepts that may be useful in 
other applications. 

2 .  Several computerized models have been developed recently that 
deal with various aspects of channel stability. Chang (L985b) 
has developed a model that predicts scour in a bend for a 
single storm or a series of storms (used in Southwest Divi- 
sion). Odgaard has developed a model that predicts scour and 
bed shape using simple data input (Odgaard 1986a, 1986b). 
Parker developed a model that predicts planform deformation 
over time (used in the Buffalo District on Mt. Morris Dam). 
Osman and Thorne (1988) have a new model that predicts bank 
erosion and stability (scheduled for use in the Vicksburg Dis- 
trict). These new models, and others, should be tested against 
prototype data. Data collection programs should be instituted 
under research programs. 

q.  Other approaches to explore include historical analysis proce- 
dures, aerial photo interpretation, and sediment study or field 
inspection procedures and checklists (such as those available 
in the Southwest and Missouri River Divisions and the §an 
Francisco District). 

r. The use of "expert" systems for analysis of stable channels may - 
be practical in the future. In this case an analysis system 
could be programmed to lead the designer through logical con- 
sideration of all stability-related factors that may impact the 
design, including analysis. Expert systems have been applied 
in other areas of water resources with favorable results (James 
and Dunn 1985). 

Inventory Approach 

69. Results of this inventory revealed that an approach to stable 

channel design is needed as much as the design tools themselves. Several 

HQUSACE publications contain guidelines on stable channel analysis reporting 

(HQUSACE 1978, 1982a, 1984). However, additional guidance is needed (with 

input from the documents mentioned in paragraph 68) that would help a designer 

quickly answer the following questions: 



a. Do I have a problem? What is the nature of the problem? - 
b .  How do I determine what data are needed to analyze this - 

problem? Where does it come from? 

c. How do I perform preliminary analyses? What is my degree of - 
accuracy? How do I know when my design may cause adverse 
stream response? What are some ways to look at the whole sys- 
tem interaction? What should I do in the office? What should 
I do in the field? 

d. How do I determine if I need to perform more detailed analyses? - 
What type? 

e. What guidance should I give for O&M estimates? How do I - 
develop it? How do I design for maintainability? 

Stream Type Versus Modification Type Correlation 

70. One objective of the inventory was to match successful design types 

to stream types. A number of different ways to analyze and depict the stream 

type versus modification type information were tried but most proved mislead- 

ing or not significant. A variation of a matrix organization approach involv- 

ing functional uses of water and functions served by research, developed by 

Warman and Joiner (1974) and implemented by Vertrees (1985), was employed with 

little success to help identify trends. 

71. The decision was then made to display the data by plotting a matrix 

of stream type versus modification type for each Division area and for all 

areas in combination. Tables D3 through Dl4 (pages D46 through D57) depict 

this correlation of stream type to modification type. A total of over 2,000 

combinations of stream and modification were plotted. Table Dl4 summarizes 

the data via percentages for easy comparison. 

72. While the variation of individual totals would certainly be statis- 

tically significant, there is, of course, no assurance that the differences 

are meaningful and accurate. In other words, there is a good chance that out- 

side variables may have a negative impact on survey statistics for the 

following reasons: 

a. Reasons for choosing a certain design type were as much influ- - 
enced by habit, politics, environmental concerns, budget con- 
straints, reviewer preferences, or other nonhydraulic factors 
as by pure hydraulic analysis. 

b.  Individuals in attendance at some of the meetings did not pos- 
sess sufficient knowledge of project performance to give an 
accurate picture. Individuals often stressed their own areas 



of interest or familiarity, thus giving them exaggerated 
weight. The designers were generally not on the inspection 
teams. In addition, inspection reports rarely made it back to 
the designer's office or were too incomplete, from a hydraulic 
standpoint, to give much insight. 

c. A number of Section 14 (Public Law 526) and other relatively - 
small projects were not specifically mentioned, nor were 
exhaustive lists of such projects procured and added to the 
project totals. These type projects make up a large percent of 
the total effort now underway in the Corps. 

d. Many of the projects have never been tested at flows approach- - 
ing design conditions. Thus, the viability of their designs is 
unknown. 

73. Site-specific or somewhat unique problems accounted for a large 

percentage of the failures (e.g., bank sloughing, improper placement of stone, 

poor maintenance, flow angle). This inherent fact tends to complicate the 

analysis of successful and unsuccessful design methodology. 

74. For example, grade control structures have been used quite success- 

fully on many different type streams. However, there have also been problems 

and failures involving most stream types, and for widely varying reasons. An 

M2-type stream in north Mississippi may, for example, respond favorably to toe 

protection, whereas a similar stream in Minnesota may not. The reason for 

this may be the differences in flow characteristics and bank material. Dif- 

ferent vegetative cover and climatic conditions at the two sites may also play 

a part. 

75. Thus, one cannot always accurately determine which design(s) will 

undoubtedly be successful for a certain stream type. Streams are too individ- 

ualistic. To differentiate stream types to the degree of detail necessary 

would be, in a sense, to regionalize the data for each watershed or even for 

each reach within a watershed. 

76. The results of this survey were not meant to produce actual design 

limits or criteria, but only to provide thoughts and direction for further 

study. The question of which specific designs are successful for particular 

streams cannot be answered effectively until the more detailed Phase 2 (see 

paragraph 5) of the stable channel design work unit is completed, as discussed 

in Part VI. 



PART VI: CONCLUSIONS AND RECOMMENDATIONS 

General Conclusions 

77. This study, of necessity, focused on many negative aspects of the 

design of stable channels and related topics. This does not mean that design 

guidance for stable channels in natural materials is totally inadequate. 

Channel projects that are operating as planned or have not been subjected to 

high flows recently do not "make the news." The projects that have not caused 

problems were, therefore, usually not discussed at the meetings. Perhaps the 

greatest benefits of the inventory were to help define common design problems 

and to obtain suggestions for solving these problems. In general, the results 

of this inventory 

a. Provide insight into future research and guidance needs for - 
bank protection (particularly riprap), grade control, stable 
channel design, and flood-control project design criteria in 
general. 

b.  Identify problems in the areas of project review, environmental 
issues, local cooperation, District operations and inspections, 
design procedures, and project maintenance. 

c. Give specific information about streams and promising improve- - 
ment techniques for future study, centers of expertise for 
various topics, points of contact for future coordination, de- 
sign methods used, and stream types existing in each Division. 

Specific Conclusions and Recommendations 

78. A brief summary of significant conclusions for each aspect of the 

inventory (as related to the agenda questions in Appendix C and inventory 

goals in Part I) follow. Initial paragraph references are included for easy 

cross reference. 

a. Division and District points of contact have been identified - 
(Tables 1 and 2). Specific areas of expertise within each 
District have been identified to some extent (Appendix E). All 
available Corps expertise should be accessed in much the same 
way as that of members of the Committee on Channel Stabiliza- 
tion. Knowledge should be shared informally Corps-wide through 
symposia, computerized bulletin boards, referral lists, or 
other means. 

b. The two most common flood-control channel problems are bank - 
instability and siltation (paragraph 19). Research should 
concentrate in these areas. 



The most common stream types, and those that seem to cause the 
most intense problems, are M2 and M3 streams (paragraph 22). 
See Appendix A for definition of stream types. Braided streams 
cause the most problems in the Pacific Northwest and Alaska. 

Small projects are the primary concern for most, if not all, 
Districts (paragraph 26). The Corps should, therefore, ensure 
that recommended design guidelines and criteria are applicable 
to small projects. 

The most common design and failure problem in the Corps is bank 
protection (paragraphs 28 and 33). The use of other alterna- 
tives, less expensive methods, and more acceptable methods 
should be encouraged and research in this area intensified. 
Commercially available products should be evaluated for poten- 
tial use, particularly in urban areas where aesthetics are 
important. Riprap research is of pri-me importance. 

Often the choice of which stream improvement method to use is 
dictated by reasons other than a combination of hydraulic and 
economic considerations (paragraph 30). Consequently, inferior 
designs may result. Innovative designs should be encouraged 
and previous problems explored. 

Initial funding levels for design were mentioned repeatedly as 
being insufficient (paragraph 35). Many Districts stated that 
a larger initial investment in hydrologic or hydraulic studies 
(including stability analysis) would identify critical factors 
early on and save time and money in the future. Often the 
problem was one of allocation of available resources rather 
than insufficient funds. Numerous suggestions were given. 

A large and diverse number of design criteria needs were ex- 
pressed (paragraph 38). Two of these needs were judged most 
important. The first is a need for comprehensive guidance on 
streambank protection (including detailed discussion of all 
aspects of riprap design) and on other alternative methods. 
The Section 32 Program results should be made more useful and 
available (perhaps as an applications design manual). The 
second need is for a simple way to assess channel stability 
without the need for masses of data. This could be translated 
into an analysis procedure, backed up by various techniques, to 
assess stability issues at each decision point. A multilevel 
technique is recommended. 

Districts would also benefit from making greater use of tech- 
niques and experiences already available (paragraph 40). 
However, they are often unaware of available sources of this 
information (especially at the junior engineer level). 

Most Districts have expertise in specific areas of hydraulic 
design (paragraph 41). Many have been identified. The need 
for cross-communication and coordination is emphasized. 

There are many causes of riprap failure (paragraph 45). The 
most urgent riprap research requirements fall into two catego- 
ries: (1) development of techniques to accurately assess the 
forces impinging on the stone for all conditions, and 



(2) comprehensive guidance covering all aspects of riprap 
design and placement. The present guidance is seen as frag- 
mented and often suspect for certain design situations (para- 
graph 48). The effect of long-term exposure on riprap also 
needs further study. 

1. There is a feeling that the unknowns in the proper design of - 
grade control structures (drops, sills, etc.) far outweigh the 
knowns. Comprehensive research is needed (paragraph 52). 

m. It is perceived that environmental concerns are not well inte- - 
grated into the design of many flood-control projects. Some 
design guidance exists for considering environmental features. 
Concerted efforts should be made to establish good relations 
with all concerned parties well ahead of project plan Eormula- 
tion (paragraph 54). 

n. From the designer's perspective, the O M  program is not working - 
well. There is little or no feedback on project performance, 
little prototype monitoring or performance data, and poor en- 
forcement of maintenance agreements. O M  estimates are often 
made on a faulty basis because adequate guidance and data do 
not exist or are not used (paragraphs 59 and 60) .  A number of 
suggestions are given to help alleviate this acute problem. 
One noteworthy suggestion was for design engineers to periodi- 
cally inspect their projects during and following construction. 

o. Districts feel that reviewers require unrealistic amounts of - 
detailed information, given the time and money constraints on 
small projects (paragraph 61). A streamlined review process 
should be implemented for small projects. The elapsed time 
from project conception to construction is too long. Project 
costs are increased as the result of excessive design and con- 
struction requirements and review involvement. A number of 
specific recommendations are given. 

2 .  Appendix G gives a list of specific streams identified for fur- 
ther study. S2- and S3- and M2- and M3-type streams were men- 
tioned most often and are recommended for priority study (para- 
graph 66. (See Appendix A for definitions of stream types.) 

q. A large number of promising design techniques for various as- . 

pects of stable channel analysis are mentioned (paragraph 68). 
These techniques must be integrated into an analysis structure 
or procedure. One of the most notable is HEC-2, with enhance- 
ments such as sediment subroutines, modified regime approaches, 
various types of geomorphic studies, and simple sediment budget 
approaches. 

r. The correlation of successful design types with stream types "- 

was hampered by a number of factors (paragraph 72). However, a 
basis was laid and recommendations made for further research in 
this area. 



Stable Flood-Control Channel Research Recommendations 

79. With input from this inventory, the next phase of the investigation 

into stable channel design and analysis might proceed along the following 

lines : 

a. Selection of the most common stream types has been completed. - 
From Table Dl3 (Page D56), the alluvial streams that nationwide 
are encountered most commonly and cause the greatest concern 
are the M2 and M3 meandering types. S2- and S3-type streams 
are a close second. 

b.  The most successful design techniques applied to these particu- 
lar type streams should be investigated method by method. The 
investigation should (1) focus on uncovering the actual crit- 
ical design parameters and specific reasons for failure (and 
for success) of sites; (2) determine if existing design crite- 
ria are defective, not applicable, or improperly applied, or 
whether failures were the result of such factors as inadequate 
maintenance and events exceeding design flows; (3) then, pro- 
ceed from specific site studies to a generalization of design 
criteria; (4) include theoretical as well as empirical ap- 
proaches to design; (5) place emphasis also on recognizing 
those factors that can greatly impact a particular design but 
are not commonly found throughout the country (i.e., site- 
specific factors). 

c. This investigation should include (1) data collection at field - 
and office sites, including scour data, historical analysis and 
prototype evaluation, and monitoring involving District design 
personnel; (2) literature searches to uncover variations in 
design and analysis techniques; (3) extensive discussions with 
appropriate District personnel; (4) demonstration projects; 
(5) laboratory experimental, model, or basic theoretical 
studies to identify controlling parameters; (6) interagency 
symposia similar to the stream meandering symposium held in New 
Orleans in 1983; and (7) the application of alternative design 
techniques to situations for which the outcome is known to test 
validity. 

d. Research funding should be carefully coordinated and goals - 
and products identified in detail. 

80. The original intent of this inventory was simply to gather some in- 

formation on the design of stable flood-control channels. With time and the 

involvement of persons with varied interests, the inventory expanded to cover 

a wide range of topics more or less related to the original intent. Any good 

research program requires coordination, communication, and understanding from 

all sectors directly or indirectly involved or influenced by the findings. 

Visionary direction and adequate funding are required from top management. 



Effective supervision and review are needed from middle management. Common 

understanding and concerted effort from researchers and practitioners are 

essential. Hopefully, the results of this study will point Corps researchers 

and hydraulic design engineers toward thoughtful reflection, positive change 

of direction (as appropriate), and appropriate action in developing a coordi- 

nated research, design, and management program for stable flood-control 

channels in natural materials. 
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Table 1 

Points of Contact at WES and in the Cor~s of Engineers Divisions 

Name* 

Tony Thomas 
Estes Walker 
(Larry Echenrod) 

Warren Mellema 
Andy Petallides 

Jose Ordonez 
Chuck Wener 
John Oliver 
Glen Drurnmond 
(Lyn Richardson) 

Ted Abeln 
(Bert Holler) 

Dick DiBuono 
(Surya Bhamidipaty) 

Tasso Schmidgall 

Off ice 
Symbol 

CEWES-HR 
CELMV-ED-W 
(CELMV-ED-WH) 

CEMRD-ED-TH 
CENAD-EN-TH 

CENCD-ED-TM 
CENED-ED-W 
CENPD-EN-TE 
CEORD-ED-TH 
(CEORD-ED-WD) 

CESAD-EN-TH 
(CESAD-EN-HH) 

CESPD-ED-W 
(CESPD-ED-W) 

CESWD-ED-WA 

Commercial 
Telephone 

* The postinventory replacement contact is shown in parentheses underneath 
the name of the point of contact at the time of the inventory. 



Table 2 

Points of Contact in the Corps of Engineers - Districts 

Commercial 
District Name* Telephone 

Alaska Carl Stormer 907-753-2741 

Albuquerque Paul Mann 
(David Gregory) 

Baltimore Dennis Seibel 301-962-4840 

Buff a10 Tom Wilkenson 716-876-2168 

Charleston Robert Billue 
(Bob Occhipinti) 

Chicago Tom Fogarty 312-353-8884 

Detroit John Karpis 
(Bruce Holbrook) 

Fort Worth Ron Turner 817-334-2222 

Galves ton Roy Different 409-766-6110 

Huntington Ken Harman 304-529-5606 

Jacksonville Noble Enge 
(Henry Anderson) 

Kansas City Walt Linder 816-426-3854 

Little Rock Gist Wilber 501-378-5541 

Los Angeles Joe Evelyn 
(Brian Tracy) 

Louisville David Beatty 502-582-5648 

Memphis Guy Forney 
(Dewey Jones) 

Mobile Wayne Odom 205-690-2716 

Nashville Hank Phillips 615-736-5948 

New Orleans Billy Garrett 504-862-2442 

New York Bob Alpern 212-264-9083 

Norfolk Jim Robinson 
(Larry Holland) 

Omaha Tim Temeyer 402-221-4611 

(Continued) 

* Postsurvey replacements are shown in parentheses underneath the name of 
the original contact. 



Table 2 (Concluded) 

District 

Philadelphia 

Pittsburgh 

Portland 

Rock Island 

Sacramento 

San Francisco 

Savannah 

Seattle 

St. Louis 

St. Paul 

Tulsa 

Vicksburg 

Walla Walla 

Wilmington 

Name 

George Sauls 

Robert Schmitt 

Paul Fredricks 
(Ted Edmister) 

S . K. Nanda 

Mike Nolan 

Bill Brick 

Randy Miller 

Dick Regan 
(Jim Lencioni) 

Gary Dyhouse 

Pat Foley 

Tom Horner 

Jim Ward 
(Phil Combs) 

Mark Lindgren 

Max Grimes 

Commercial 
Telephone 

319-788-6310 
ext 310 



Table  3 

P e r c e n t  o f  T o t a l  by Type o f  t h e  

127 S e l e c t e d  Streams 

Stream Type* P e r c e n t  o f  T o t a l  

Suspended Load 

S  1 1 . 5 7  

S  2  1 4 . 1 7  

S 3 14 .17  

S  4  3 . 1 5  

S u b t o t a l  33.06 

Mixed Load 

M 1  

M2 

M3 

M4 

M5 

Bed Load 

B  1 

B2 

B3 

B4  

Other  Types 

D e l t a  

Arroyo 

Unknown 

2 .36  

1 1 . 0 2  

1 2 . 6 0  

8 . 6 6  

3 . 1 5  

S u b t o t a l  37 .79  

2 .36  

4 . 7 2  

7 . 0 9  

3 . 1 5  

S u b t o t a l  1 7 . 3 2  

0 . 7 9  

1 . 5 7  

9 . 4 4  

S u b t o t a l  1 1 . 8 0  

* See Appendix A  f o r  d e f i n i t i o n s  o f  s t r e a m  t y p e s .  



APPENDIX A: STREAM TYPES AND IMPROVEMENT METHODS 



*COLUMN 3- V.IPROVEMEFiT MFTHOL 

&-Alignment Change,  R e l o c a t i o n  
BP-Bank P r o t e c t i o n  ( ~ i v e  Type)  
BM-Basin M o d i f i c a t i o n s  
CS-Clearing & S n a g g i n g  
DB-Debris B a s i n ,  Sed iment   re^ 
DI-Diversion I n t o  Channel  
DO-Diversion Out  Of Channe l  
DR-Dredging 
DE-Deepening O n l y  
EN-General E n l a r g i n g  
EV-Envi romenta l  F e a t u r e s  
EX-Select ive E x c a v a t i o n  

COLUMN 4 - S W Y  TYPE 

Bedload S t r e a m  

FC-Flow C o n t r o l ,  F lood  C o n t r o l  Cams 
GC-Crade C o n t r o l ,  Drops,  Weirs  ( G i v e  Type)  
HI-High Flow Channel ,  Complex Geometry 
LV-Levees, F loodua l i s , i ) iXes  

I 
P I - P i l o t  Channe ls  
RE-Recrea t iona l  F e a t u r e s  
R T - T r a n s i t i o n  S t r u c t u r e s / D e a t u r ~ s  
SH-Shor ten ing  ,Cutof  f s  . S t r a i g h t e n i n g  
SU-Paving,Surfacing,Concrete C h a n n e l s , e t c .  
TR-River T r a i n i n g  S t r u c t u r e s  ( ~ i k e s  , j a c k s  , e t  
XC-Auxil iary Channe ls ,  New Channel  

00-Other  ( s p e c i f y )  

Suspended  Load S t -  . e m s  

B - B o u l d e r s  ,Cobbles  S - Sands 
6 - G r a v e l  F - F i n e s  (Noncohes ive)  

C - P i n e s  ( C o h e s i v e )  

* C O Z m  6 - ViUlLABLES FOR DATA 

B-- Bottom Width D - Average Depth DA - D r a i n q e  Area  
T - TogKidth V - Average V e l o c i t y  Qi - D i s c h a r g e  
W - A v e s q e  Width S - Bed S l o p e  
E - Length  o f  h p r o v o a e n t  i = D ( D e s i ~  F l o v )  

i - # ( R e t u r n  Interval) 

* C0LUMI.i 7 - FOST CONSTRUCTION DATA 

L - -  L i t t l e  S - Some M - Much 

-- -7 
-- 

* See columns on the accompanying form, page A4. 





APPENDIX B: STREAM REACH INVENTORY FORM 



STREAM REACH INVENTORY FORM SHEET OF - -  
[ U S E  D I F  COLORED PENS TO RECORD SEVERAL REACHES ON ONE SHEET)  

I. L O C A T I O N  AND I D E N T I F I C A T I O N  

A. STREAM NAME: PROJ NAME OR I D  #: 

D I S T R I C T :  S T A T E  OR AREA: 

A N A L Y S I S  BY:  DATE:  

GENERAL L O C A T I O N  ( A T T A C H  QUAD SHEET)  
FROM: TO:  REACH LENGTH : 

B .  S T A T E :  UNALTERED ( N A T U R A L )  
POST CONSTRUCTION-AS B U I L T  
POST CONSTRUCTION-ADJUSTING OR ADJUSTED 
POST SUPER FLOOD ADJUSTMENT 
I N D I R E C T  DUE T O  UP OR DOWNSTREAM WORK 
OTHER ( E X P L A I N )  

I S  T H E  CHANNEL REACH S T A B L E  ( I . E .  I N  Q U A S I - E Q U I L I B R I U M ) ?  

C .  MAJOR DATA SOURCE(S)  AND D A T E ( S ) :  

D. SHORT H I S T O R I C A L  SUMMARY AND PROJECT D E S C R I P T I O N :  
( I N C L U D E  PURPOSE OF WORK,DATES,WORK ACCOMPLISHED,RESULTS,  
AND D E S C R I B E  PROBLEMS I N  T H E  REACH) 



T I .  BASIN CHARACTERISTICS 

A. GEOMETRY : 

AREA (SQ MI/ACRES) . 
AVG. OVERLAND SLOPE OF BASIN -:- MIN./MAX. ELEVATION (FT-MSL) 

-- MIN./MAX. OVERLAND SLOPE 

1. TERRAIN ( % ) :  

MOUNTAINS FOOTH I LLS 
- HILLS INTERIOR PLAINS/VALLEYS 

UPLANDS LOW LANDS~COASTAL 
OTHER (SPECIFY) 

2. SURFICIAL GEOLOGY (%):  

BEDROCK - GLACIO-FLUVIAL DEPOSITS 
GROUND MORAINE FLUVIAL DEPOSITS 
HUMMOCKY MORAINE AEOLIAN DEPOSITS 
LACUSTRINE DEPOSITS - OTHER (SPECIFY) 

3. MEDIAN DEPTH TO BEDROCK FT . 

4. COMMENT ON SIGN1 FICANT FEATURES ,TOPOGRAPHIC ANOMALIES .. AND 
EVIDENCE OF TECTONIC ACTIVITY (WHERE APPLICABLE): 

C. BASIN SOILS & SEDIMENT YIELD 

1. COMMENT ON: (1) BASIN SOILS,(2) KNOWN CONSERVATION PRACTICES, 
AND (3) PRECENT AREA DRAINED THROUGH RETENTION 
5TRUCTURES. 



2. MAJOR S E D I M E N T  SOURCES ( % ) :  

BED & BANKS (CAVING,SLUMPING,SLIDING,SCOURING,HEADCUTTING) 
SHEET & R I L L  EROSION ( C U L T I V A T E D ,  G R A Z I N G )  
SHEET & R I L L  EROSION ( N O N - C U L T I V A T E D )  
MASS WASTING & L A N D S L I D E S  ( U P L A N D )  

- UPLAND HEADCUTTING OR G U L L Y I N G  
CONSTRUCTION ( P O I N T , A R E A , L I N E )  
OTHER ( S P E C I F Y )  

3. PRIMARY L O A D I N G  TYPE:  

BEDLOAD - SUSPENDED LOAD - WASH LOAD- 

S E D I M E N T  Y I E L D  E S T I M A T E  TONS/ACRE/YEAR I N  WATERSHED 

4 .  COMMENTS ON S I G N I F I C A N T  FEATURES: 

D .  B A S I N  V E G E T A T I O N / L A N D  USE ( % ) :  

/ BARREN (ROCK/DESERT SAND) -- 
GRASS 

E. AREA CL 

SHRUBS 
FORESTED (DECIDUOUS/CONIFEROUS)  
SWAMP OR MUSKEG 
PERMAFROST 
C U L T I V A T E D  
URBAN ( B U I L T  U P )  

1. T Y P E :  

A R I D  ( D E S E R T )  M O I S T  SUBHUMID ( M I X E D )  
S E M I A R I D  ( S T E P P E )  DRY SUBHUMID (GRASSLAND)  
H U M I D  ( F O R E S T )  SUPER H U M I D  ( R A I N  FOREST)  

- A R C T I C - S U B  A R C T I C  OTHER ( S P E C I F Y  1 

2. P R E C I P I T A T I O N  ( I N ) :  
P E R I O D  OF RECORD & L O C A T I O N  
MEAN ANNUAL (RANGE FROM T 0 
MAX. MONTHLY (MONTH) 
M I N .  MONTHLY (MONTH) 
D E S I G N  STORM ( D U R A T I O N  RETURN 
DESIGN STORM (DURATION-' RETURN 
DESIGN STORM (DURATION-: RETURN 
OTHER ( S P E C I F Y )  
% P R E C I P I T A T I O N  AS SNOWFALL 

4 U N I T  HYDROGRAPH I F  A V A I L A B L E )  

P E R I  
P E R I  
P E R I  



EVIDENCE OF PROLONGED WET OR DRY PERIODS (PERSISTENCE)?  
- YES - N 0 

3. COMMENT ON I N F I L T R A T I O N  RATES (E.G.  . RUNOFF/PRECIPITATION)  

. - . .- RUNOFF ( I N / Y R )  

4 .  TEMPERATURE 

AVG. ANNUAL (DEG. F)  
MAX. MONTHLY (DEG. F )  MONTH 
M I N .  MONTHLY (DEG. F )  MONTH 

/ MIN./MAX. RECORDED (DEG. F )  -- 

F .  M A N ' S  W I T H I N  B A S I N  INFLUENCE (OTHER THAN ABOVE): 

.................................................................... 
111. VALLEY/VALLEY FLAT /  FLOODPLAIN 

A.  VALLEY AND CHANNEL V I C I N I T Y  

1. TYPE:  

- STREAM CUT-NARROW .ALLUVIAL  FAN 
- STREAM CUT-WIDE DELTA 

WIDE  MOUNTANEOUS - OLD LAKE BED 
A L L U V I A L  P L A I N  - OTHER ( S P E C I F Y  1 

2. TERRACES: 

- NONE -- FRAGMENTORY 
- I N D E F I N I T E  CONTINUOUS 

NUMBER OF L E V E L S  

3 .  LATERAL  CONSIRICTION/CONFINEMENT BY VALLEY NALLS  ETC. : 

. . 

7 
NONE 

- LOCAL ( G I V E  LOCATION AND TYPE)  

- GENERAL % CONFINEMENT L E F T  BANK 
% CONFINEMENT R I G H T  BANK 



4. F L O O D P L A I N  D I M E N S I O N S :  

MEAN W I D T H  ( F T )  / M I N . / M A X .  W I D T H  ( F T )  
AVERAGE I N U N D A T I O N  T I M E  I N T E R V A L  ( Y R S . )  
AVERAGE DEPTH OF S I L T  I N  F L O O D P L A I N  ( F T )  

5. F L O O D P L A I N  V E G E T A T I O N  AND LAND U S E  (%) :  

/ BARREN (ROCK/DESERT) -- 
GRASS 
SHRUBS 

/ FORESTED (DECIDUOUS/CONIFEROUS)  -- 
SWAMP OR MUSKEG 
PERMI -FROST 
C U L T I V A T E D  
URBAN ( B U I L T  U P )  

B. R E L A T I O N  TO CHANNEL 

1. GENERAL:  

I S  T H E  CHANNEL PERCHED 
I N C I S E D  

U N D E R F I T  
IF PARTIAL GIVE PERCENT 

2. N A T U R A L  L E V E E S :  

NONE 
L E V E E S  M A I N L Y  ON CONCAVE BANK 
L E V E E S  ON BOTH BANKS 

3': MANMADE L E V E E S  : 

NONE 

L O C A T I O N S :  

D I S T A N C E  BETWEEN ( F T )  
H E I G H T  ( F T  ABOVE BASE)  

PERCENT LENGTH LEFT BANK - RIGHT BANK 



I V .  CHANNEL DESCRIPT ION 

A .  FORM 
1. GENERAL: 

STRAIGHT IRREGULAR MPANDERS 
- SINUOUS REGULAR MEANDERS 

BRAIDED TORTUOUS MEANDERS 
IRREGULAR (STRUCTURALCONTROLS) 

I S  T H I S  AN A L L U V I A L  CHANNEL? - YES - NO 
I S  THE STREAM EPHEMERAL INTERMITTENT  PERENNIAL 

2. MEANDER DIMENSIONS: 

Q 0- -;- BELT WIDTH ( M I L E S )  RANGE: 
MEANDER WAVELENGTH ( M I L E S )  RANGE: 

-/- S I N U O S I T Y  
-/- C,L. RADIUS OF CURVATURE & RANGE: 
-/- C.L .  RAD. OF CURV./TOP WIDTH R A T I O  
=/= RANGE OF Rc/Tw 

3.  ISLANDS:  

NONE - S P L I T  
OCCASIONAL BRAIDED 

- .  

FREQUENT 

4 .  BAR TYPE (RATE  1 ,2 ,3 ,ETC.  I N  FREQUENCY): 

NONE MID-CHANNEL - 
S I D E  BARS - D I  AMO'ND 
P O I N T  BARS - DIAGONAL 
JUNCTION BARS - SAND WAVES 

5 .  OBSTRUCTIONS: 

- NONE - FREQUENT MINOR 
OCCASIONAL MINOR FREQUENT MAJOR 
OCCASIONAL MAJOR 



B .  P R I M A R Y  R E G I M E  V A R I A B L E S  

1. D I S C H A R G E  ( C F S ) :  
P E R I O D  OF RECORD 
:GAGE L O C A T I O N S  

B A N K F U L L  (Q-) 
Q 1 
4 2  ( A T T A C H  FLOW-FREQUENCY CURVES 
Q 5 AND/OR F L O N  DURATION CURVES 
Qlo AND STAGE-DISCHARGE CURVES) 
Q l O O  
NORMAL LOW WATER 
STANDARD.PROJECT FLOOD 
MEAN OF YEARLY MAXIMUM DISCHARGES 
FLOOD OF RECORD ( D A T E :  
D E S I G N  FLOW 

1 

OTHER ( S P E C I F Y  1 

2.  V E L O C I T Y  

.- 
-- MEAN V E L O C I T Y - F P S  ( L O C A T I O N  I 
-- P O I N T  V E L O C I T Y - F P S  ( L O C .  ) 
-- P O I N T  V E L O C I T Y - F P S  ( L O C .  ) 

3.  M A N N I N G ' S  N: AVG. I N  REACH 
AVG . OVERBANK 

4 . - ~ ~ D T H :  ( A T T A C H  TYPICAL. CROSS S E C T I O N S  I F  A V A I L A B L E )  

MEAN TOP W I D T H  I N  CROSSING 
MEAN TOP W I D T H  I N  BENDWAY 

( F T )  
( F T )  

T O P W I D T H  RANGE: 
CROSSINGS:  

BENDS : 

FROM 
FROM 

( 
I 

FROM 
FROM 

( 
( 

( F T )  FOR 
( F T )  FOR 
( F T )  FOR 
( F T )  FOR 

Q- Q- 
LOCAL TOPWIDTH ( F T )  L O C A T I O N  
LOCAL BOTTOM W I D T H  ( F T )  LOCATION 

-- LOCAL MEAN W I D T H  ( T / B )  ( F T )  LOCAW 



5. SLOPE:  ( G I V E  L O C A T I O N  OF MEASUREMENTS & CONTROL E F F E C T S )  

Q- Q- 
ENERGY SLOPE 
MEAN WATER SURFACE SLOPE 

-. 
MEAN CHANNEL V A L L E Y  SLOPE 
MEAN THALWEG SLOPE 

-COMMENT ON L O C A L  V A R I A T I O N  I N  SLOPE: 

6. DEPTH ( F T ) :  

.- Q- Q- 
. .. 

TOP BANK T O  THALWEG 
MEAN DEPTH (AREA/AVG. MEAN W I D T H )  

-- H Y D R A U L I C  DEPTH (AREA/TOPWIDTH)  
OTHER ( S P E C I F Y  ) 

RANGE FROM: T O :  FOR Q 
FROM: T O :  FOR Q= 

7 .  S E D I M E N T :  ( S E E  ALSO PARA.  G BELOW) 

-- 

.- 
A .  d50 (MM) 

-8. BANK R E S I S T A N C E :  H I G H  M E D I U M  - LOW 
% SILT & CLAY IN THEBANKS- 

BED 

C.  S E D I M E N T  TRANSPORT:  - H I G H  M E D I U M  L O W  

D. C O H E S I V E  M A T E R I A L S  ( I F  A P P L I C A B L E ) :  

STANDARD P E N E T R A T I O N  
T E S T  BLOWS OR CONSISTENCY ---------- em--------- 

- < 2 VERY SOFT ' ' - 
- 2-4 SOFT 
- 4-8 M E D I U M  

. . -- 
- 8-15  S T 1  F F  
- 15-30 VERY S T I F F  
- >30 HARD 

C.  FLOW ( Q U A L I T A T I V E )  

1-.-"FCOW T Y P E - C A T  B A N K F U L L  OR - 1 

- UNIFORM W.S. POOL & R I F F L E  
UNIFORM W I T H  R A P I D  - T U M B L I N G  FLOW 
IRREGULAR 



2 .  CONTROLS:  ( D E S C R I B E  UNUSUAL E F F E C T S )  

T Y P E :  L O C A T I O N  : 
T Y P E :  L O C A T I O N  : 

I S  FLOW REGULATED? - YES - NO 
' D E S C R I B E :  

DOES I C E  BLOCKAGE EFFECT FLOW? YES NO 
D E S C R I B E :  ( I N C L .  I C E  EFFECTED HIGH WATERMARKS) 

L O C A T I O N / :  % OF M A I N  CHANNEL FLOW 
& E L E V  A T  BANKFULL 

D. L A T E R A L  MOVEMENT 

I. T Y P E :  ( G I V E  METHOD OF D E T E R M I N A T I O N  AND P E R I O D  OF RECORD 
I N C L U D E  MAP OR PHOTO D A T E S )  

NOT DETECTABLE 
D . S .  PROGRESSIVE ( E V I D E N C E  OF S C R O L L I N G ?  1 - - 

J 

M A I N L Y  CUTOFFS (OXBOWS MANY FEN)  
D . S .  PROGRESSIVE AND C U ~ S  
IRREGULAR L A T E R A L  MOVEMENT 
A V U L S I O N  
IRREGULAR W I D E N I N G  
GENERAL W I D E N I N G  

2 .  R A T E :  D E S C R I B E  RATE FOR MOVEMENT CHOSEN ABOVE 
--- F T / Y  R 

OTHER ( S P E C I F Y  1 

E .  V E R T I C A L  MOVEMENT ( I N C L U D E  S P E C I F I C  GUAGE RECORD I F  
A V A I L A B L E  AND HOW MOVEMENT DETERMINED)  

1. T Y P E  & EXTENT:  

AGGRADATION ( GENERAL L O C A L )  
DEGRADATION (- GENERAL L O C A L )  

2. R A T E  AND L O C A T I O N :  

R A T E  : U N I T S :  
L O C A T I O N ( S )  I F  LOCAL 



3. GRADE CONTROL: (SPECIFY  NATURAL OR MAN MADE) 

LOCATION DESCRIPTION DROP ACROSS CONTROL ( F T )  -------- ---------------- ........................ 

F .  BANKS 

1. GENERAL: 

MEAN H E I G H T ( F T )  -;- M I N . /  MAX. (DATUM: 
MEAN SLOPE 

1 
-- MIN./MAX. 

2 .  COMMENT ON EXTENT OF I N S T A B I L I T Y :  

STABLE IRREGULAR LOCAL I N S T A B I L I T Y  
OUTER BANK I N  GENERAL I N S T A B I L I T Y  
BENDWAY S - P E R I O D I C  WET SEASON I N S T A B I L I T Y  

3 .  PRIMARY CAUSES OF FA ILURE (RANK AS 1,2,3,ETC. I N  P R I O R I T Y ) :  

TOE SCOUR R A P I D  DRAWDOWN,LOWERED BASE FLOW LEVEL  
D I R E C T  ATTACK - PORE WATER PRESSURE-SLUMPING 
R I L L I N G / G U L L Y I N G  SEEPAGE/PIPING/LEACHING 
SHEET EROSION FREEZE-THAW 
OTHER ( S P E C I F Y  1 

4. VEGETATION ( % VEGETATED): 

GRASS - DECIDIOUS TREES 
SHRUBS CONIFEROUS TREES 

- OTHER ( S P E C I F Y  1 

DENSITY  OF GROWTH:- LOW - MODERATE DENSE 

5. A R T I F I C I A L  BANK PROTECTION: 

NONE 
LOCAL - 
GENERAL 

TYPE LOCATION ------ ---------- 



1. S I Z E S  (% BY W E I G H T ) :  (OR ATTACH GRADATION C U R V E ( S )  

BANKS BED S I Z E  ------- ----- ------ 
COBBLES TO BOULDERS (> 2 . 5 " )  
COARSE GRAVEL ( 0 . 6 " - 2 . 5 " )  
MEDIUM GRAVEL ( 0 . 3 " - 0 . 6 " )  
VERY F I N E  TO F I N E  GRAVEL ( 0 . 0 8 " - 0 . 3 " )  
COARSE TO VERY COARSE SAND ( 0 . 5 - 2 . 0  MM) 
MEDIUM SAND ( 0 . 2 5 - 0 . 5  MM) 
F I N E  TO VERY F I N E  SAND ( 0 . 0 6 2 - 0 . 2 5  MM) 
S I L T  ( 0 . 0 0 4 - 0 . 0 6 2  MM) 
CLAY (NON C O H E S I V E )  
CLAY ( C O H E S I V E )  

D E S C R I B E  HOW SAMPLED OR ESTIMATED:  

2. S P E C I F I C  WEIGHT OF SEDIMENT L B / C U F T  
WATER TEMPERATURE DEG F /C  - DATE 

DEG F/C DATE 

3., DEPTH OF A L L U V I U M  I N  BED: 

NONE MODERATE 
SHALLOW DEEP 

E S T I M A T E D  DEPTH:  ( F T )  . 

4 .  TRANSPORT:  ( I N C L U D E  SED. R A T I N G  CURVE I F  A V A I L A B L E )  

M A I N L Y :  BEDLOAD SUSPENDED LOAD WASH LOAD 
M I X E D  

E S T I M A T E D :  TONS/DAY A T  CFS 

(OR TONS/YEAR) 

HOW E S T I M A T E D :  

5 .  BED R E G I M E  A T  CFS (DOMINANT DISCHARGE)  

P L A N E  BED,  R I P P L E S  
DUNES 
UPPER T R A N S I T I O N .  PLANE BED 
A N T I D U N E S  
CHUTES AND POOLS 



6. GENERAL: 

ARE BANKS S T R A T I F I E D ?  
DO ERODIBLE LENSES OCCUR UNDER BED? 
I S  BED ARMORED? I S  THAT THE BED GRADATION GIVEN? 
DO T R I B U T A R I E S  CARRY HEAVY SEDIMENT LOADS? 

V. STREAM M O D I F I C A T I O N S  

A. ELEMENTS (RANK 1,2,3 ETC. I N  ORDER OF IMPORTANCE): 

- 

- 

B. C R I T  

SHORTENING-CUTOFFS 
CLEARING & SNAGGING 
DREDGING 
GEN. ENLARGING 
DEEPENING/WIDENING 
ALIGNMENT CHANGE 
FLOW CONTROL 
LEVEES 

' E R I A  SOURCES: 

GRADE CONTROL 
BANK PROTECTION 
HYDRAULIC STRUC (TYPE 1 
SURFACING ( I E .  CONCRETE) 
D I V E R S I O N  INTO CHANNEL 
D I V E R S I O N  OUT OF CHANNEL 
B A S I N  MODIF ICAT IONS 
OTHER (SPECIFY  1 

DESIGN PERFORMED C R I T E R I A  SOURCE ( I E .  EM,ETL,ETC.) 
---------------- ................................. 

C. EVALUATION OF WORK I N  STREAM 

1. RAT ING:  

FULLY SUCCESSFUL MODERATELY UNSUCCESSFULL 
MODERATELY SUCCESSFUL UNSUCCESSFUL , 

PROJECT EXCEEDED REASONABLE OR PREDICTED MAINTANENCE COSTS 
TO SUCH AN EXTENT AS TO CONSTITUTE A BURDEN. 

THE DESIGN PURPOSE OF THE STRUCTURE OR MEASURE WAS NOT 
F U L F I L L E D  TO SUCH AN EXTENT AS TO CONSTITUTE 
"UNSUCCESSFUL" RATING.  

- THE STRUCTURAL INTEGRITY  OR S T A B I L I T Y  OF THE HYDRAULIC 
STRUCTURE(S) OR REACH I S  (ARE)  I N  JEOPARDY. 



- FLOWS E X C E E D I N G  D E S I G N  FLOWS COULD CAUSE DAMAGE APPROACHING A 
C A T A S T R O P H I C  C O N D I T I O N .  

FLOOD STAGES WERE INCREASED A S  A R E S U L T  O F  T H I S  PROJECT 
TO SUCH AN EXTENT AS TO C O N S T I T U T E  AN "UNSUCCESSFUL" 
R A T I N G .  

UNFORSEEN ADVERSE REACTIONS E I T H E R  UPSTREAM OR DOWNSTREAM 
H A V E  OCCURED AND ARE OF A MAGNITUDE TO C O N S T I T U T E  AN 
"UNSUCCESSFUL" R A T I N G .  

OTHER ( S P E C I F Y ) :  

V?. A D D I T I O N A L  D E S I G N  GUIDANCE WOULD HAVE GREATLY A I D E D  T H E  
D E S I G N  O F  T H I S  PROJECT I N  T H E  FOLLOWING AREAS:  

D E S I G N  
--------- NEEDED C R I T E R I A / C M T S .  ...................... 

V I I .  ADD A D D I T I O N A L  COMMENTS P E R T I N E N T  TO T H E  D E S I G N  REACH. 
I N C L U D E  COMMENTS ON R E L I A B I L I T Y  OF S P E C I F I C  DATA E N T R I E S .  
I N C L U D E  A L I S T  OF ATTACHMENTS. 

V J I I .  COMMENT ON YEARLY OPERATION AND M A I N T A N E N C E  COSTS. 
( I N C L U D E  P A R T I E S  R E S P O N S I B L E  FOR WORK AND PAYMENT 
AND BUDGETED OR FORECAST MAINTANENCE COSTS AND T Y P E )  



APPENDIX C: LOCAL FLOOD PROTECTION PROJECT INVENTORY 
MEETING AGENDA 



LOCAL FLOOD PROTECTION PROJECT 

INVENTORY M E E T I N G  AGENDA 

PART I .  GENERAL QUESTIONS 

1. What types of f lood-control  problems a re  commonly faced 

within your D i s t r i c t ?  What types of s treams a r e  common within 

your D i s t r i c t ?  What types of p r o j e c t s  a r e  you present ly  working 

on? 

2.  What have been your prefer red  methods in deal ing with 

these  problems? Do design c r i t e r i a  o r  r u l e s  of t h u m b  e x i s t  f o r  

these  s o l u t i o n s ?  

3. What pos tcons t ruc t ion  channel responses have you 

commonly encountered in your f lood protec t ion  p ro jec t s  ( e . g .  

aggradat ion ,  degradat ion,  meandering, bank f a i l u r e ,  e t c . ) ?  

4 .  Describe typ ica l  design scena r ios  f o r  your f lood-control  

p r o j e c t s .  What a r e  normal time and money c o n s t r a i n t s  in each 

sec t ion  or branch? How a r e  hydraulic  and hydrologic analyses done 

f o r  loca l  pro tec t ion  p ro jec t s?  

5.  Where do you f e e l  design c r i t e r i a  a r e  most needed? How 

can we bes t  spend our research d o l l a r s . i n  t h i s  a rea?  Where do you 

see  your D i s t r i c t  going in t h e  f u t u r e  in  t h i s  a rea?  In which 

design a reas  do you f e e l  your D i s t r i c t  has design exper t i se?  



PART 11: SPECIAL TOPICS 

Ri orar, 
I- 

6. What are the major causes of riprap failure in your 

District? Do you have any failures due to inadequate size? How do 

you presently design and size riprap? How can WES best support 

you in our riprap research? 

Grade Control 

7 .  What types do you have experience with? What design 

criteria do you use for drop heights, spacing, and basin design? 

Performance? How can WES best support you in this area? 

Mi sce?  1 aneous Bank P ~ ~ c t e c t  ion 3!1d Strvctures 

8.  What types do you have experience with? How can WES best 

support you here? 

Environmental Concerns 

9. How has concern for the environment impacted your flood 

control project designs? What environmental design features have 

you used? What agencies have you worked with? Working 

relationship? 

0 & bl 

1 0 .  How do you estimate O&M costs? What are your inspection 

procedures? Are estimates verified or do you have some good O&M 

data? 

Project Revi evd 

11. What common types of review comments have you received 

from Division/OCE? What about the review process for this type of 

project gives you the most headaches? 



PART 111. SPECIFIC STREAMS 

12. Why was the project built? 

13. Stream description: 

- a1 1 uvial , type (refer to type 1 ist enclosed) 
- bed and bank material 
- stability considerations 
- effects of vegetation, flow control, other 
- basic data Q,W,D,V,dSO,S 

14. What was done? 

15. Stream response? 

16. Would this be a good project to study in detail? 

17. Are there some other projects you would recommend for 

further study or that are not included on the inventory sheet?, 



APPENDIX D: DETAILED SURVEY RESULTS 



This appendix contains a detailed listing of the responses to the 

agenda questions found in Appendix C. Table Dl gives all the responses to the 

questions by District. In Table Dl, pages D3 through Dl3 cover responses from 

14 Districts, pages Dl4 through D24 cover responses to the same questions from 

13 other Districts, and pages D25 through D35 concludes responses to the ques- 

tions from the last 10 Districts surveyed, including the New England Division. 

Table D2 gives the totals for all Dictricts. Tables D3 through Dl2 give a 

breakdown of modification type by stream type for each Division, and Table Dl3 

gives the same breakdown for the totals for all Divisions. Table Dl4 gives 

the totals of all Divisions as percentages. 



TABLE DL A p g n d ~ _ ~ u q n $ ~ g n - R y n p g ~ ~ ~ g  

AOENDA QUESTION RESPONSES NPA NPP NPS NPW SPN SPK SPL' URK HRO SWA SWF SWO SWL SWT - - - - -_- -_-_________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -~- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

QUESTION 1. 

TYPES OF FLOOD CONTROL PROBLEKS 

AGGRADATIONI SILTING 
BACKWATER FLOODING 
BANK ATTACK BY BRAIDED STREAH 
BANK ATTACK BY HEANDERING STREAH 

X X X X X X X  

X  X  X  X  X  

BANK FAILURE, GENERAL x 
BRIDGE OPENINGS INADEBUATE x x . . x 
CLOGGING BY VEGETATION/ BAR STABILIZATION x x 
CLOGGING OF STREAM BY BARS x x x 
DEBRIS ATTACK b JAnS x x x 
DEGRADATION/SCOUR/EROSION X X X  x 
DRAINAGE INADEQUATE 
EROSION OF STRUCTURES/YEAR/REHABILITATION 
FAN, ALLUVIAL INSTABILITY 
FAULT LIFTING AND SHIFTING 
FL!.S!!FL5C!EZ??5 x x x 

. . FLOOD PLAIN ENCROACHtlENT/ URBANIZATION X .  x X X X X X  

GRAVEL KINING IN/NEAR THE STREAHS 
ICE JAHS 
INSTABILITY, GENERAL X X X  

LAKE LEVELS RISING 
L!NSLLIEE'! !?.BE SLOFFIYS x 
OUTLET SIZES INADEQUATE FOR INTERIOR DRAINAGE 
RIGHTS-OF-WAY INSUFFICIENT 
SCOUR AROUND STRUCTURES 
SEDIilENT LOADS, HEAVY x x x x x  x x 
SEEPAGE THROUGH LEVEES x 
SHORE PJ<DPUCTION 
TIDAL INFLUENCE DEPOSITION 
UPGRADE OF EXISTING STRUCTURES 
WAVE ATTACK 

HOST COKHON STREAK TYPES 

01 (STRAIGHT BEDLOAD, MIGRATING SAND WAVES) 
B2 (BEDLOAD WITH ALTERNATE SIDE BARS) x x x 
83 (LOW SINUOSITY BEDLOAD WITH SIDE BARS AND CHUTES) X X X  X  X  X 

84 (nEANDERING/BRAIDED BEDLOAD WITH CHUTES AND BARS) x x x x x 
B5 (BAR-BRAIDED VERY HIGH BEDLOAD) x x 
S1 (STRAIGHT, NARROW, DEEP, LOW SUSP. LOAD) x 
S2 (NARROW, HIGHLY SINUOUS, NO BARS, LOW SUSP. LOAD) x x x x 
S3 (tIARROK, HIGHLY SINUOUS, SMALL POINT BARS, SUSP. LOAD) x x x x x 
54 (HANY CHANNELS WITH VEGE. BETWEEN, HIGH SUSP. LOAD) x x 

(Continued) (Sheet 1 of 3 3 )  



AGENDA QUESTION RESPONSES NPA NPP NPS NPW SPN SPK SPL RRK HRO SWA SWF SWG SWL SWT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

nl (NARROW, DEEP, ST~AIL~HT, NIXED LOAD) 
32 (FAIRLY STABLE ALTERNATE BARS,tlIXED LOAD) x x x x x x 
tl3 (TRUE MEANDERING CHANNEL,WIDE BARS,tlIXED LOAD) x x x x x x x x  X X X S 

fi4 (HIGER LOAD,SINUOUS-tlRAIDED,IlIXED LOAD) x x x x 
M5 (FAIRLY STABLE ISLAND BRAIDED CHAI.INEL,KIXED LOAD) x x 
ALLUVIAL FANS x x x x x 
ARROYOS, EPHEKERAL 
COBBLE OR ROCK BED AND STEEP 
OTHER NON-ALLUVIAL 
TIDAL INFLUENCED/ SWAHPY 

PRESENT PROJECT CONCERN (1980 - PRESENT) 

X 

X X X X X X X  

BANK PROTECTION/REHABILITATION ~ X X X ~ X X X X X  

BYPASS CHANNELS x x 
CLEARING f SNAGGING x x 
CONCRETE CHANNELS x x X X 

CONDUITS OR SIHILAR STRUCTURES x 
CC?!?K3 LEZ!.!CC!.!LlSES 
DEBRIS/SEDInENT BASINS x x x 
DIKES, GROINS x x x 
DIVERSIONS x x 
ENLARGEHENT/ IHPROVEKENT x x x x x x x x x  
FLOODPROOFING 
f L"û ,3 :!:%!?Dt::CE STZCTES 
FLOW CONTROL DAHS AND RESERVOIRS/BASINS x x x x x  
GRADE CONTROL x x x x  
KELLNER JACKS - X  
LEVEES 6 LEVEE REPAIR x x x x x x x x x x x  
LOW FLOW CHANNELS 
?L 59 REPAIRS 
PUnPING STATIONS/ PONDING 
SCOUR/SEDInENT TRANSPORT STUDIES x -- X 
SHORE RELATED PROJECTS, LAKE OR SEA 
SHORTENING/STRAIGHTENING 
SOIL CEfiENT BANK PROTECTION 
SUPERCRITICAL CHANNELS 
URBAN DRAINAGE 

X X X  X 

X X 

X X 

X X X X X  

(Continued) (Sheet 2 of 3 3 )  



TABLE DL (Continued) 

AGENDA QUESTIOH RESPONSES NPA NPP NPS NPW SPN' SPK SPL HRK t lRO SWA SWF SWG SWL SWT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

AL - ALILNMEN'T CIIANGE, EELGCATION 
BP - BANK PROTECTION (RIPRAP) 
BP - BANK PROTECTION (GABIONS) 

X X X X X X X  

X : < % X X X X X X X x X  
X X  n 

BP - BANK PROTECTION (SOIL CENENT) Y x 

BP - BANK PROTECTION(GOB1 MAT) x 
BP - BANK PROTECTIOfi (WILLOWS) 
BP - BANK PROTECTION (TIRE MATTRESSES) 
BP - BANK PROTECTION (WIRE ENCASED RIPRAP) 
BP - BAllK PROTECTION (SHEET PILE) 
BP - BANK PROTECTION (CRIBS) - 
BP - BANK PRDTECTIOII (HYDROLINE HATTING) 
BP - BANK PROTECTION (FABRIFORH) 
BP - BANK PROTECTION (ROCK SAUSAGES) 
BP - BANK PROTECTIOt4 (DOUBLEWALL) 

BH - BASIN HODIFICATIONS/ MANAGEHENT 
CS - CLEARING AND SNAGGING x x x x  x x x 
DB - DEBRIS BASINS, SEDIHENT TRAPS x x x 

. DI - DIVERSION INTO CHANNELS x x -- - - ---PA-- 
X X X  X 

DO - DIVERSION OUT OF CHANNELS x x x x x x  x x 
nr, - nn"nrT, ,r  
war " , . L " U L , . C )  

DE - DEEPENING x x x x x 
EN - GENERAL ENLARGING, "IMPROVEMENTs X X X X X X X X X ~ X  

EV - ENVIRONMENTAL FEATURES x x x x x 
EX - SELECTIVE EXCAVATION x x x x x x x x x x  x 
FC - FLOX CONTROL, FLOOD CONTROL DAHS x x x x x x  
GC - GRADE CONTROL, DROPS, WEIRS, SILLS x x x x x x x  
HI - HIGH FLOW CHANNEL. COHPLEX GEOHETRY x X X  x  
LV - LEVEES, FLOODWALLS, DIKES x x x x x x x x x x x  
PI - PILOT CHANNELS x x x x 
RE - RECREATIONAL FEATURES x x x  

SH - SIiCRTENINC: CUTOFFS, STRAIGHTENING x X X X X  x x x 
EC - SURFACING, PAVING, CONCRETE CHANNEL X  x x x x  
TR - RIVER TRAINING STRUCTURES x x x x 
XC - AUXILLIARY CHANNEL/ NEW CHANNEL 
00 - OTHER (LANDSIDE FILL) 
00 - OTHER (DETENTION BASINS) 
00 - OTHER (CONDUITS, SIPHONS, ETC. x 
00 - OTHER (DAH REHOVAL) 
00 - OTHER (FLOODPROOFING) 
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AGENDA QUESTION RESPONSES NPA NPP NPS NPW SPN SPK SPL HRK HRO SWA SWF SWG SWL SWT 
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C;;IES'!'IuN 3 .  POST CONSTRUCTION PkOBI.Et;,5 

P6GRA!~dTION/9FPCSITION'SEDIHENTATION, GENERAL 
BANE FAILURE SLOUGltING, SLIDING, ETC. 
DEBRIS ATTACK & JAKS 
DEGRADSTION/SCOUR, GENERAL 

X X X X X X X X  X 

x  x  X X X X 

Y 

X X X X X X X  

UtPClSI l'lUl4, LOCAL (BARS, HOUTH, JUNCTION) A X  
DIVERSION CHANNEL PROOLEHS 
ENVIkONHENTAL PROBLEMS 
ERGSION OF CONCRETE 
FILTER FABRIC CLOGGING/ FAILURE 
FLASKILG OF STkUCTUkES A x 
FLOOD HEIGHT INCREASE UPSTREAK x 
GABION FAILURE (WEAR, UIiDERMINING, ETC. ) x 
HE!.CCUTTING x  x x 
ICE ATTACK h JARS A 

INSTABILITY, GENERAL x x x  
LEVEE OVERTOPPING, TIEBACK x 
LEVEES FAIL, OLDER x A x 
1 nw FLCw CuAclNEL nt'ANI)F:RTNG ilk STLTItiG -- X x 
EISOPERATION OF STRUCTURES 
REGIHE ALTERATION x x x 
RIPRAP FAILURE (FOR WHATEVER REASON - SEE BELOW) x x x x x x  x x x  x 
SCOUR, LOCAL x x 
STRUCTURAL FAILURE 
TIDAL ACTION X .  fi 

TOE ATTACK, SCOUR FROH BRAIDED STREAMS x x x x x  x x 
TOE ATTACK, SCOUR FROM HEANDERING STREAHS x x x x  x x x x El x 
TRANSITION DESIGN INADEQUATE x x 
VEGETATIVE CLOGGING/CHOKING 
WAVE ATTACK x x 
WIDENING 

QUESTION 5. CRITERIA NEEDS (SEE SPECIAL TOPICS ALSO) 

AERIAL PHOTO INTERPRETATION 
BACKFILL REQUIREMENTS FOR PL 99 
BANK PROTECTION HETtiODS, VARIETY 
BRIDGE OPENING CRITERIA 
CHANNEL DESIGN* G @ E  L E  ... . - ._ _- -- - X -- 
CHANNELIZATION EFFECTS ON FISH x 
CHANNELIZATION GUIDANCE, PRACTICAL, CHECKLIST x 
COHESIVE SOIL STABILITY x x 
CRIB WALL DESIGN 
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AGENDA PUESTIOH RESPONSES NPA NPP NPS NPW SPN SPK SPL HRK HRO SWA SWF SWG SWL SWT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 

1 1 f i  T A  BASt: I:I:1 [~IFFEfiEt: r ilESIGIIS/ 1 tl'fEI(-C0MMUE:ICATlOII 
D C ? t l I  C,':CI'C!:;PIC!l B~.SI:::I'EA!' i:ESISII 
GEWbTCRIliC A BASIN 
Lurlrl5'fliE~rl CFFEilS UF FLOW CONTROL 
LAST CdA3i SHGhE PEdT5CiIG:i NANUAL (LOW ENERGY ENVRO) -- 
ENVIkONYtUNTAL FEATURE EtFECTS ON HYDRAULICS 

--- 

EXTRENF: EVENT FLOW LINE EXTRAPOLATION x 
FILTER FABRIC USE x 
FILTER HhTEI;IAL/BEDDIlIG x 
FLUATICG nATS - -- -- -- - -. 
FI.OODPROOFING 
GAOIDN USL ANLI LIMITATIONS ,. x x x 
GATE OPERATION, ONE GATE 
GATES. FLAP tiFAD LOSS 
GRADATIOtiS FCk DIKES ANij GiiOINS x -- - -- 

-p 

GRADE DETEI:fiINATIOII, STABLE x X A 

GRAVEL BED STREAMS 
GRAVEL YIELDS, SAFE 
GROINS AND GANK PROTECTION 
G!?DL!TEP BIPBAP PESIGN GUIDANCE v " 

HARDPOINT DESIGN x 
HEC-6 SIHPLIFIED/ SIHPLE TRANSPORT MODELS A 

WYDROLOGY/HYDRAULICS ESTIHATE WITH LIMITED DATA 
ICE/DEBRIS HYDRAULIC ANALYSIS x 
INEXPENSIVE SOLUTIONS TO COHMON PROBLEMS 
IWFQrQn PRaIMaGE REenLEMENTS OFTEM Trig CUMEEBSO!?E x x - 
LEVEE FAILURE, OLDER LEVEES, REHABILITATION x 
LEVEE FREEBOARD GUIDANCE x x 
LOW FLOW/ ENVIRONMENTAL/ PILOT CHANNELS 

L O W  HEAD STRUCTURE ENERGY DISSIPATERS 
LOW WATER CROSSINGS 
ZLNUAL FRECEGENCE AX3 APPLICABILITY A 

HEANDER LOOPS OPEN FOR LOW FLOW x 
PUHP ROUTING PROGRAM 
RECONNAISSANCE, ONE DAY, GUIDANCE 
REVETMENT, NON-CONTINUOUS EFFECTS x 
RIPRAP SIZING FOR FLOW DOWN FACE/OVERTOPPING x 
ROUGHNESS IN ALLUVIAL CHANNELS x 
ROUGHNESS OF CONCRETE, SURFACE,BENDS,INLETS x x 
SAHPLING SEDIHENT, LOAD ESTIHATION E 

SCOUR, LOCAL PRELICTION x x 
SCOUR, LOW VELOCITY 
SEC. 32 RE-EVALUATION/ OTHER DEMO PROJECTS x x x x 
SEDIHENT MANUAL, EXPEDITE/ SEDIMENT STUDIES 
SEDIHENT TRANSPORT ANALYSIS, HEAVY LOAD STREAMS x 
SEDIHENT YIELD 6 ANALYSIS, EPHEMERAL/URBAN STREAHS x x 
SENSITIVITY ANALYSIS 
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AOENDA QUESTION RESPONSES NPA NPP NPS NPW SPN SPK SPL .HRK HRO SWA SWF SWG SWL SWT 
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: ' . l I lL:  L l l i A  1 i : i C S  EIIElitiY :I::;SIPATOF;S/ IHLE'T DESIGN 
:.l!.:i: SLOit SThBILIT't AE~ALISIS/ BANK FAiLUfiE IIECHAN!ShS 
SlI'tlIIN DESIGN 
SOIL CEilENT AND RCC x x 
STAb1L.IT'I AHAL.YSIS, GENERAL / REGIHE ANALYSIS x 
STILLIGG 6ASINS. TRAPEZOIDAL ,. 

SUMP L~ESIGN. PUHPING STATION 
I;UI'EI~CRITICAL CHANNELS WITH OVERBANK SUBCRITICAL 
TIDAL EFFECTS IN CHANNEL GESIGN 
TRAINItJG HETHODS/HEAHDERS, RIVER x 
;RANSITION DESIGN/ TIE I14 OF REVETMENT n x i: 

\'EGETATIVE COVE5 INFOSHATION 
VERIFY MODEL STUDY RESULTS 
RAVE RUN UF' 
WE5 IIODELLING COSTS AND TIHE/ RESULTS NOT DEVELOPED 

R I P R A P  

FAILURE CAUSES 

BANK SLOUGt1ING/ FOUNDATIONAL FAILURE/ UPLIFT 
BEIIG I NG POOR 
CHANNEL CLOGGING SPEEDS OH ANGLES FLOW 
DEBRIS ATTACK x 
DREDGING NEAR TOE - -- - - -- 
FABRIC SLIDING, CLOGGING, OR FAILURE x x 
FLANKING x x x 
FLOW DOWN THE STONE FACE/BEHIND OR ABOVE STONE TOP 
GATE OR OTHER STRUCTURE OPERATION FAULTY x 
ICE ATTACK OR PLUCKING -- x -- ---- - - 
HAINTENANCE LACK 
PLACEHENTIUUALITY CONTROL POUR 
SCOUR AROUND/BELOW STRUCTURES 
SCOUR FROn ANGLED FLOW INTO BANK (fiEANDERS,BRAIDS,ETG. ) x x x x x x x x x 
SCOUR, GENERAL ALONG TOE -- X X X _  - - --- - -  3- x ---- x- -2L-2 X 
SEEPAGE EXIT 
SIZE INADEQUATE 
SIZE INADEQUATE, OLDER SITE 
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AGENDA QUESTION RESPONSES NPA NPP NPS NPW SPN SPK SPL HRK HRO SWA SWF SWG SWL SWT 
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SIZES/GRADADATIONS NOT AVAILABLE OR NOT USED 
TRAGSITION DESIEK 
VANDALISII 
WAVE AI'TACK, WIND, NAVIGATION, PROP WASH 
WEAI'ItERING, POOR STONE QUALITY 

OTHER HETHODS USED 

BUREAU OF PUELIC ROADS EETHOD 
OUR OWN SIZING HETHOD 
OUR OWN SPECIFIED GRADATIONS 
OUR OWN VELOCITY DETERMINATION METHOD 

X 
j( X ' .  A x 

OUR OWN THICKNESS SPECIFICATION IN BASINS x 
SllORE PROTECTIGN HANUAL X' x 
SORENSON PAPER 
CORPS PROGRAH H7011 

RIPRAP RELATED RESEARCH/GUIDANCE NEEDED 

ANGLED FLOW HETHODS/ BETTER BEND ADJUSTHENT x x x x x 
CE!CDETE ELCCX ?AT5 n 

CONSTRUCTION TECHNIQUES INPROVED 
D50 HIN OR HAX WHEN TO USE/ SAFETY FACTORS TO USE x 
EH HETHOD NOT ALWAYS APPROPRIATE, OVERDESIGN ( ? )  x x x x x x 
END PROTECTION AND DESIGN x 
EXTENT UP AND DOWNSTREAH 
FILlLk CLOTH/FABHIC USE 
FILTER/FOUNDATIONAL DESIGN 
GRADATIONS, STANDARD, EASE THE CRITERIA x x x x 
GRAVEL AND SMALL SIZE USE x 
GROINS, EFFECT ON SIZING BETWEEN x 
GUIDE SPECIFICATION ON STONE TO USE 
HGC METHOD INFLEXIBLE 
ICE ATTACK DESIGN x 
LAUNCHED RIFRAP/RIPRAP TOE, WINDROW REVETMENT x x 
HANUAL, ONE COMPREHENSIVE, COVERS ALL CASES x 
HETHOD PREFERENCES x 
fiODEL, WHEN NEEDED) BETTER REPORTING 
HODELLING AT FULL SCALE x 
PROP AND BARGE WASH SIZING 
QUALITY CONTROL 
RISK BASED DESIGN 
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AOENDA QUESTION RESPONSES NPA NPP NPS NPW SPN SPK SPL RRK HRO SWA SWF SWG SWL SWT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ROUGtiNESS TO USE FOR SIZING 
SHAPE EFFEC.1.S (COBBLES) x 
SHOIjE PROTECTION Kd FACTORS 
SIZING DURING LEVEE DESIGN 
SIZING NEAR SI'RUCTURES/PIERS . . 
STEEP STREAfl AND/OR SHALL DITCH PROTECTION 
STILLING BASIN SIZING 
THICKNESS EFFECTS AND ADJUSTHENTS x 
TOE DEPTH AND DESIGN CRITERIA, ALL CASES x x x x A 

TOPSOIL AND SEEDING ON RIPRAP A x 
TRAINING COURSE FOR INSPECTORS 
UNDERWATER/TURBULENT EKPLACEHENT 
UP SLOPE DISTANCE CRITERIA 
VEGETATION EFFECTS ON RIPRAP 
VELOCITY, WHICll VELOCITY TO USE 

G R A D E  C O N T R O L  

GRADE CONTROL RESEARCH/GUIDANCE NEEDED 

COHPHEHENSIVE CRITERIA NEEDED 
CGtiTLEX CEEST S Z C T I Z E  
DASHED LINE EXTENSION ON CIT TYPE STRUCTURES IN HDC 
DOWNSTREAP! SCOUR 
HEADCUTTING x 
HEIGHT LIHITATIONS x 
INEXPENSIVE DROP STRUCTURES NEEDED 
ROCK DROP STRUCTURES 
ROCK OR OTHER BASIN DESIGN 
SAFETY FEATURES X 

SEDIHENTATION PROBLEflS x - SHEET PILE DESIGN AND ENERGY DROP OVER IT x x 
SLOPE STABILITY BETWEEN STRUCTVRES/BEST SLOPE x x 
SPACING x 
STRUCTURE, DIFFERENT T F E  - -  -- - - - - - -. 
SUBKERGENCE CURVE FOR STRAIGHT DROP STRUCTURE 
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AGENDA QUESTION RESPONSES HPA NPP HPS NPW SPN SPK SPL MRK MRO SWA SWF SWG SWL SWT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

M I S C E L L A N E O U S  E X P E i < l ' I S E  
O K  G N D U L E D G E  

 BAN^ FAILURE KEZtlANlSMt, 
BRIDGE PLUGGING DESIGN CRITERIA 
CHANNEL DESIGN, SHALL 
CIIECKLIST FOR ENVIRONMENTAL CONCERNS 
CHECKLISTS FOR DESIGN AND REPORTING x 
CLEARING 6 SNAGGING 
CRIBS 
DAnS S OUTLET WORKS x 
DEBRIS JAMS 
DEBRIS/RETENTION BASINS A x 
DISCHARGE, DEN DETERHINATION 
DOUBLEWALL, CONCRETE BLOCKS 
DRIFT EMBANKMENT x 
DUMPING OF STONE IN HIGH WATER (PL99) x 
ENERGY DISSIPATION DEVICES x 
EROSION CONTROL x 
F?.SRIF%P..H. 
FILTER FABRIC x 
GABIONS x x x 
GOBI HAT x 
GRADE CONTROL x x x 
GROINS 6 DIKES x x x 
EE"ETE3 STF!E XIP9.P  .-. ,. 
H PILES x x 
HYDROLINE HATTING 
INTERIOR DRAINAGE --- 
KELLNER JACKS x 
LEASED PUMP FOR FLOODING 
LEVEE HEIGHT DETERMINATION 
LOW FLOW CHANNELS 
KEANDER MODELLING -- 

HIRAMAT/ ENKMAT 
HODELLING UNSTEADY FLOW x 
OTHER BANK PROTECTION METHODS x 
PUMPS, SUBMERSIBLE - 

~ - REGIFP ANALYSIS 
RIPRAP x x x x  
RIPRAP REHABILlTATION x: X 

ROCK HARDPOINTS x 
ROCK SAUSAGES 
ROCK SPECIFICATION 
ROUGHNESS COEFFIC1,ENTS 
SCOUR PREDICTION x 
SEDIKENTATION STUDIES 
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AGENDA QUESTION RESPONSES NPA NPP NPS NPW SPN SPK SPL 8RK HRO SWA SWF SWG SWL SWT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SEEDING KIXTURE 
SEEDING KIXTUdL 
SOIL CEHENT !-: :< x x 
STABLE CHANNEL DESIGN x x 
SUPEKCRITICAL CHANNELS x 
TIDAL EFFECTS 
TRANSITION DESIGN 
TRENCH/WINDROW REVETHENT 
VELOCITY CRITERIA FOR CHANNEL DESIGN x 
VELOCITY DETERMINATION FOR RIPRAP DESIGN 
WIRE ENCASED RIPRAP x 

DESIGN FEATURES 

ARCHEOLOGICAL INVESTIGATIONS 
aERM WIDTH/ BERHS 
BOULDERS 
CONSTRUCTION TIHINGI CONSTRUCTION LIHITATIONS 
CRIBS -- - -- - - . - ---- - -- - - -- - - -- - - - - - 
D t i i E C ' i G i i  VANES 
DLTENTION STORAGE 
DREDGED MATERIAL PLACEHENT RESTRICTIONS 
EXCAVATE ONE SIDE ONLY 
FISH PASSAGE SILLS, LADDERS,B. x - - - - - . . 
FLOW MAINTENANCE 
GRAVEL HINING, USEFULL, HAULTED 
SOIL/GRAVEL/COBBLE SURFACING OF RIPRAP 
GROINS d DIKES 
LANDSCAPING--- . . -- - - --- -- - - - -- ---- -. x -- 
LOW FLOW/PILOT/ENVIRONHENTAL CHANNELS x x 
HAIIITAIN MEANDER LOOPS 
MATERIAL USE LIHITATIOliS 
HITIGATION AREA/ WILDLIFE HABITAT AREA 
MULTI-LEVEL INTAKES - - - 
NOTCHED DROP STRUCTURES x x 
NOTCHED JETTY 
POOL AND RIFFLE x 
REVEGETATION x x x 
REVETBENT LIMITATION x - --- --- -- -- -. - ----. 

SHELVES x 
SILT FENCES 
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AGENDA RUESTXON RESPONSES NPA NPP NPS NPW SPN SPK SPE H R K  HRO 6WA SWF SWG SWL SWT 
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P R O J E C T  R E V I E W  

COMKOtl REVIEWER C@KKEHTS 

ECONOMIC A!IALYSIS CHAt[GES x 
EFFECT OF FLOWS LARGER THAN DESIGN x 
FEATURE OMITTED OR UNDER DESIGNED x x 
LACK OF DETAILED INFORMATION FOR INDEPENDENT ASSESSHENT x x x 
OUTDATED OR INCORRECT HANUALS OR GUIDANCE USED . x x x -- 
EEAL ESTATE DGCUXEKTATIOii LACK 2: 

REDUCE HIGH COSTS OF RIPRAP AND BRIDGE HOD. 
REQUIRE BORE OR DIFFERENT ALTERNATIVES 
SEDIBENT ANALYSIS/ CHANNEL STABILITY INADEQUATE 
SENSITIVITY ANALYSIS REQUIRED 
WHY CHANGE DESIGN DURING PHASES x 
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AGENDA QUESTION RESPONSES NCS NCR NCC NCE .NCB ORP ORH ORL ORN ~ n s  ~ n n  L ~ K  LHN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

QUESTION 1. 

TYPES OF FLOOD CONTRDL PROBLEHS 

hGGRADAT:ON/ SILTIllG 
BACKWATER FLOODING 
BANK ATTACK BY BRAIDED STREAH . 
BANK ATTACK BY NEANDERING STREAH x x x x x x x 
BANK FAILURE, GENERAL x x x - X X X  
BRIDLE OPENINGS INADEOUATE 
CLOGGING BY VEGETATION/ BAR STABILIZATION 
CLOGGING OF STREAH BY BARS 
DEBRIS ATTACK b JAHS .-. X 
DEGRADATION/SCOUR/EROSION x x x x x 
DRATNAGE INADEQUATE -- 

EROSION OF STRUCTURES/WEAR/REHABILITATION 
FAN, ALLUVIAL INSTABILITY 
FAULT LIFTING AND SHIFTING 
FLASH FLOODING - - 
, .."- ""9 PLAI!! Et!CROACH!!E!!T/ L'RBAHIZATIO!! x x a, x 
SHAVEL MINING ININEAR THE STREAHS x 
ICE JANS x x  
INSTABILITY, GENERAL x x x x 
LAKE LEVELS RISING x -- X-- - -- - 
LANDSLIDES/ BANK SLUFFING 
moo*, r* 

X X 
V " , L C ,  SIZES T . I , I \ P n l , , . " "  

a a t n v ~ a v n  I c FOR 1f;TEE:CR CRXIGtSE x 
RIGHTS-OF-WAY IflSUFFICIENT 
SCOUR AROUND STRUCTURES 
SEDIHENT LOXS, HEAVY x x x 

-. SEEPAGE THROUGH LEVEES x 
SHOhE PROTECTION 
TIDAL INFLbENCE DEPOSITION 
UPGRADE OF EXISTING STRUCTURES 
WAVE ATTACK 

HOST COHflON STREAH TYPES 
. . . . . . 

: X ' x . -  
X X X X X X X  X 

54 (IIAIIY CHAKHELS WITH VEGE. BETWEEN, HIGIi SUSP. LO/\D) 
E l  (t;AfiRCW, DEEP, STRAIGIIT, flI);ED L.OAD) x 
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AGENDA QUESTION RESPONSES NCS NCR NCC NCE NCB ORP ORH ORL ORN LWS Lnn LWK LHN 
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K2 (FAIRIY STABLE ALTERNATE BAfiS,MIXED LOAD) x i : x ; x  X X Y  

h J  (TCJE MEANGERING CliAIIdEL, WIDE BARS, HIXED LOAD) x X Y X X ~ X  x h 

H4 (HIGER L O A D , S I N U C ) U S - R R P I D E D , H I X E D  LOAD) x x x 
H5 (FAIRLY STABLE ISLAND BRAIDED CHANNEL,MIXED LOAD) Y x 
ALLUVIAL FANS - - _ _ _ _ - - - - - _ _ - _ - _ I _ _ _ _ _  
ARROYOS, EPHEHERAL 
COBBLE OR ROCK BED AND STEEP x s x x  x 
OTHER NON-ALLUVIAL x x A 

TIDAL INFLUFNCED/ SWAMPY x 

PRESENT PROJECT CONCERN (1980 - PRESENT) 

BANK P R O T E C T I O N / R E I I A B I L I T A T I O N  X X X X X X X X ~  x x 
BYPASS CHANNELS 
CLEARING b SNAGGING x x x x x Y. x 
CONCRETE CHANNELS 
COtiDUITS_OR SIHILAR STRUCTURES - - -- - - -- -. -- -- 
CONTROL STRUCTURES 

- 
DEBRIS/SEDIMENT RASINS x x 
DInES, GECIhS .-. 
DIVERSIONS x x 
ENLARGEMENT/ - -. IHPROVEHENT x x x x x x x x -- - -- -- X X X  

FLOODPROOFING x 
FLOOD INSURANCE STUDIES x 
FLOW CONTROL DAHS AND RESERVOIRS/BASINS x x 
G Z k b E  CZtiTZZL A .+ v - v v 

KELLNER JACKS -- -- -- - 
LEVEES 6 LEVEE REPAIR 

-- 
X X X X X  X  X X  X  X  

LOW FLOW CHANNELS x x 

PL 99 REPAIRS 
PUMPING STATIONS/ PONDING x x x x 
SCOUR/SEDIilENT TRANSPORT STUDIES x x x 

- 
SHORE RELATED PROQCCTS. LAKE OR SEA Y 

S H O R T E N I N G / S T R A I G t i T E N I N G  
SOIL CEnENT BANK PROTECTION 
SUPERCRITICAL CHANNELS 
URBAN DRAINAGE X X X  

QUESTION 2. 

COMMON HETHODS USED 

AL - ALIGNHENT CHANGE, RELOCATION 
BP - BANK PROTECTION (RIPRAP) 
BP - BANK PROTECTION (CABIONS) 

X X X X X  X X  

X X X X X X X X X X X X X  

X X X X  X  X  
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. AGENDA QUESTION RESPONSES NCS NCR NCC NCE NCB ORP ORH ORL ORN L ~ S  ~ n n  L ~ K  L ~ N  
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BP - BANK PROTECTION ISDIL CEKENT) 
DP - BANK PROTECTION (GOBI MAT) 
BP - BAt!K PPOTFCTTON lYI?LOYS) 
BP - BANK PROTECTION (TIRE HATTRESSES) 
BP - BANK PROTECTION (WIRE ENCASED RIPRAP) 
BP - BANK PROTECTION (SIIEET PILE) x 
BP - BANK PROTECTION (CRIBS) 
BP - BANK PROTECTION (HYDROLINE MATTING) 
BP - BANK PROTECTION (FABRIFORH) 
BP - BANK PROTECTEN (ROCK SAUSAGES) x 
BP - BANK PROTECTION (DOUBLEWALL) 
BF - BANK PROTECTION (MIRAtiAT/ ENFHAT) 
BP - BANK PROTECTION (PAVING BLOCK) 
BM - BASIN nODIFICATIONS/ MANAGEMENT 
CS - CLEARING AND SNAGGING x x x x  

-. .. X X X  . 
X  X  X 

DB - DEBRIS BASINS, SEDIMENT TRAPS x x x X .  
DI - DIVERSION INTO CHANNELS x x x x . . DO - DIVERSION OUT OF CHANNELS 
D R . -  DREDGING 
DE - DEEEPENI!!G x x - X X.  X  -- -- - X X  

EN - GENERAL ENLARGKG, *IHPROVEMENT~ - -  
X X X X X X X X X X X X X  

EV - ENVIRONHENTAL FEATURES x x x x 
EX - SELECTIVE EXCAVATIOR 
FC - FLOW CONTROL, FLOOD CONTROL DAHS 

X X X X X X  X  

X  X X  

GC - GRADE CONTROL, DROPS, WEIRS, SILLS x - X X X X X  5 - -- --- - - X  - 
HI - HIGH FLOW CHANNEL, ConPLEX GEONETRY -- 

X  X X X X X  X  

LV - LEVEES, FLOODWALLS, DIKES 
PI - PILOT CHANNELS 
RE - RECREATIONAL FEATURES 
RT - TRANSITION sTfillCTURES/FEATURES - 

SH - SHCRTENING, CUTOFFS, STRAIGHTENING 

X X X X X X X X X X X X X  

X  X  X X X  

X 

X X  X  - -- . - - -- -_ - -__ -. 
x X X X X X X X X X X  

SU - SURFACING, PAVING, CONCRETE CHANNEL X  X  X  
TR - RIVER TRAINING STRUCTURES x x 
XC - AUXILLIARY CHANNEL/ NEW CHANNEL x 
00 - OTHER (LANDSIDE ---- FILL) -- 
00 - OTilER (DETENTION BASINS) x 

- -__ -- 
X  

00 - OTHER (CONDUITS, SI?IIONS, ETC. ) x 
00 - OTHER (DAH REMOVAL) 
00 - OTIfER (FLOODPROOFING) 



TABLE Dl (Continued) 

AGENDA QUESTION RESPONSES NCS NCR NCC NCE NCB ORP ORH ORL ORN LMS LMU LMK LEN 
- -___- - - - - - - - - - -__- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

QUESTION 3. POST CONSTRUCTION PROBLEMS 

AGGRADATION~DE?OSITION~SEDIMENTATION, GENERAL x x x x x x  x X  X 

3ANK FAILURE SLOUGhING, SLlDING, El'i. x x x x x x x x x  x x 
DEBRIS ATTACK & JAMS x 
DEGRADATiON/SCOUR, GENERAL X  X  X X X  X  x X  

DEPOSITION, LOCAL (BJRS, tlOUTH, JUNCTION) x -- --- X  X  DIVERSION CHANNEL - -  - - -  - - - - - - - -- - --- -- - --- ' - - 
X  

ENVIRONMCtiTAL PROBLEllS x X X  

EROSION OF CONCRETE 
FILTER FABRIC CLOGGING/ FAILURE 
FLANKING OF STRUCTURES -- - - -- - - --- 
FLOOD HEIGHT INCREASE UPSTREAH---- -- 
GABION FAILURE (WEAR, UNDERHINING, ETC. ) 
HEADCUTTING 
ICE ATTACK 6 JANS 

X  X  . .. .- .- - . - - .- - . . -. .- . .. 

X X X  

INSTABILITY, GEtILRPL x  X  X  X  X  - -- -- - - - -- - 
LEVEE OVERTOPPING, TIEBACK 

- .- - -- - 

LEVEES FAIL, OLDER x x x  X x 
LOY F L E ~  C!!~NEEL ~~.E+.~~EE~IHG 05 SILTIXG X ii x x x  
HISOPERATION OF STRUCTURES 
REGIME ALTERATION x  - _  
RIPRAP FAILURE (FOR WHATEVERR~--SEEBELO'~~)~ x___ --x_ 

X X X X  X  

SCOUR, LOCAL x x 
STRUCTURAL FAILURE x 
TIDAL ACTION 
TOE ATTACK, SCOUR FROW BRAIDED STREAK -- - - - - -- - - - -- 
TOE ATTACK, SCOUR FROM MEANDERING STREAMS 
TRANSITION DESIGN INADEQUATE 
VEGETATIVE CLOGGIIJG/CHOKING 
WAVE ATTACK 
WIDENING 

QUESTION 5. CRITERIA NEEDS (SEE SPECIAL TOPICS ALSO) 

AER~AL PHOTO INTERPRETATION 
BACKFILL REQUIREHENTS FOR PL 99 
BANK PROTECTION flETHODS, VARIETY 
BRIDGE OPENING CRITERIA 
CIIA1OlEL DESIGN, Glj'c!S_ LINED _ - -- 
CHANtiELIZATION EFFECTS ON FISH 
CtiAtlNELIZATION GUIDANCE, PRACTICAL, CilECKLIST 
COHESIVE SOIL STABILITY 
CRIB WALL DESIGN 

X  

X X X X X  

DATA BASE ON DIFFERENT DESIGNS/ INTERSMMUNICATION x x 
DEBRIS/DETENTION BASIN/TRAP DESIGN x 

(Continued) (Sheet 15 of 2 3 ,  
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AOENDA QUESTION RESPONSES NCS NCR NCC NCE NCB ORP ORH ORL ORN LUS LHH LHK LHN 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

DEWATERING A BASIN A 

DOWNSTREAH E F F E C T S  O F  FLJW CONTkGL x 
EAST COAST SHORE PROTECTION HANUAL ti.OW ENERGY ENVRO) 
ENVIRONnENTAL FEATURE E F F E C T S  ON HYDRAULICS 
EXTREHE EVENT FLOW L I N E  EXTRAPOLATICIN x - -- - -- - - - - 
F I L T E R  F A B R I C  USE x 
F I L T E R  HATERIAL/BEDDING 
FLOATING HATS 
FLOODPROOFING 
GAGION USE AND L I K I T A T I O N S  - -- - -- -- - -- -- - X X - -. - - - - 
GATE OPERATION, ONE GATE x 
GATES, FLAP HEAD LiJSS  
GRADATIOlIS FOR D I K E S  AND G R O I N S  
GRALE DETERHINATION, STABLE 
GRAVEL BED STREAPIS -. - - - - -. . -- - - -- -- - -- - 
GRAVEL YIELDS,  S A F E  
G R O I N S  AND B A N K  PFiOTECTION 
GROUTED R I P R A P  D E S I G N  GUIDANCE 
HARDPOINT DESIGN . 
H L L - ~  S I f l F L I F I E h /  S I 5 F i E  i i ? ~ ~ S ? O i ? i  HODZLS- --- - -- -- - -- - -- 
HYDROLOGY/HYDRAULICS 7 S T I H A T E  WITH L I H I T E D  DATA 
I C E / D E B R I S  HYDRAULIC 4 N A L Y S I S  
I N E X P E N S I V E  S O L U T I O N S  TO COflHON PROBLEHS 
I N T E R I O R  DRAINAGE REGUIREHENTS OFTEN TOO CUHBERSOHE 
LEVEE FAILURE,  - OLDER -- - LEVEES, REHABILITATI-ON- _ - . - . - - - - - - - - - - - . . - - . . - - - - - - - . - -. 
L L V C C  T K t L D U A n U  LJUIUANCG 

LOW FLOW/ ENVIRONflENTAL/ P I L O T  CHANNELS 
LOW HEAD STRUCTURE ENERGY D I S S I P A T E R S  
LOW WATER C R O S S I N G S  

-- *- - 5  - - - - -- - * - - - -- 
X X X X 

X X X X  

X 

X 

HAYUAL PRECEDJNCE - -- AND A F P Q G B I L I T Y  - - - -_  - - - - . - X _ _ -- 
HEANDER 1 .00PS OPEN FOR LOW FLOW 
PUHP ROUTING PROGRAfl x 
RECONNAISSANCE, ONE DAY, GUIDANCE x x x  
REVETHENT, NUN-CONTINUOUS E F F E C T S  

R I P R A P  S~-?+ING-LO_R FLi)~O\JN_F_AC13/0_VERTllflPL!c, c , c , c , c ,  _ -  -- - - - - - -- -- -- - - -- - 
2OUGHNESS I N  ALLUVIAL CHANNELS x x x 
ROUGIINESS OF CONCRETE, SURFACE, BENDS, I N L E T S  
SAHPLING SEDIf lEHT,  LOAD E S T I f l A T I O t i  
SCOUR, LOCAL P R E D I C T I O N  x x 
SCOUR, LOW- yEL$ITY- - - - - -. - .- 
S E C .  32 RE-EVALUATION/ OTHER D E H O  PROECTS 
S E D I H E N T  HANUAL, E X P E D I T E /  S E D I n E N T  S T U D I E S  
SEDIPIENT TRANSPORT ANALYSIS,  HEAVY LOAD STREAHS 
S E D I i l E N T  Y I E L D  f ANALYSIS ,  EPHEPIERAL/URBAN STREAHS 
S E N S I T I V I T Y  ANALYSIS  -- -- - 
S I D E  DRAINAGE ENERGY DISSIPATOR</ I N L E T  DESIGN 
S I D E  S L O P E  S T A B I L I T Y  ANALYSIS/  O A N K  F A I L U S E  YFCHANISHS 

;Contlnucd) ( S h e e r  16 cf 3 3 )  
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AGEKDA Q U E S T I O N  R E S P O N S E S  NCS NCR NCC NCE NCB O R P  ORH ORL ORN L H S  LHfl  LHK L R N  
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5Ii'll3:4 LlCS; Gt: 
SOIL.  Z E h i N  i A N L ,  ~ C I ;  
S T A O 1 I . I T Y  A N A L Y S I S ,  G E N E R A L  / R E G I H E  A N A L Y S I S  
S T I L L 1  KG BAS; NS,  T R A P E Z O I D A L  
s u n p  CILSI GN,_ F\JHPI)IG S T A T I O h  x -- - - .- - - - -- -- - - - - - - - -- -- 
S U P E R C f i I T I C A L  CIIANHELS WITH O V E R B A N K  S U B C R I T I C A L  
T I D A L  E F F E C T S  I N  CHACIITL F jESIGN 
TRA I N i N G  Mt 'TIIODS/HEANDERS,  R I V E R  
T R A t i S I T I i l N  D E S I G I i /  T I E  I N  01:' REVETt lENT 

X X 

X X X X X  
V E G E T A T I V E  COVCR I!lFI)RtiATIQN -- _ - _ _  x -- - - -  - -- - - -- - - -- - - -- - - -- - 
V E R I F Y  HODTL STUDY E C S I I L T S  x 
WAVE RUH Ui' 
WE5 KOUELLING C O S T S  AND T I H E /  R E S U L T S  NOT DEVELOPED x 

. . F A I L U R E  C A U S E S  

BANK S L O U G H I N G /  FOUNDATIONAL F A I L U R E /  U P L I F T  ......--..- ..--.. 
DLVULNU ruun 

CHANNEL CLOGGING S P E E D S  OR ANGLES FLOW 
D E B R I S  ATTACK 
DREDGING NEAR T O E  -- 
F A B R I C  S L I D I N G ~ L O G G I ~ G , -  oRFAILW-- - - -  7- -- 7- - 

X X X X 
F L A N K I N G  x x x 
FLOW DOWN THE S T O N E  F A C E / B E I I I N D  OR ABOVE S T O N E  T O P  x x 
GATE OR OTHER STRUCTURE O P E R A T I O N  FAULTY x x 
I C E  ATTACK OR P L U C K I N G  x x -- -- - - - -  - - - 
RAINTENANCE LACK 

- -  - 

P L A C E H E N T / Q U A L I T Y  CONTROL POOR x x x 
SCOUR AROUIID/BELOW S T R U C T U R E S  x x  i: x 
SCOUR FROK ANGLED FLOW I N T O  BANK I K E A N D E R S ,  B R A I D S ,  ETC.  x  x  x x x x 
SCOUR,  GENERAL ALONG T O E  x x - - - -- -- -- - - - - X X 
S E E P A G E  E X I T  x x 
S I Z E  INADEQUATE x x 
S I Z E  INADEQUATE, OLDER S I T E  x 
S I Z E S / G R A D A D A T I O N S  NOT A V A I L A B L E  OR NOT U S E D  X X X  X X X 

T R A N S I T I O N  D E S I G N  x ----- X X 

VANDALISH x x x x  
WAVE ATTACK, WIND, NAVIGATION,  P R O P  WASII 
WEATl(ERIt1G.  POOR S T O N E  Q U A L I T Y  

( S h e e t  17 of 3 3 )  
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AGENDA QUESTION RESPONSES NCS NCR NCC NCE NCB ORP ORH. ORL ORN LXS LXH LHK LMN 
----------------------------------------------- . . - --------------------------------------------------------------------------  

OTIIEfi HETIIO:IS USED 

EUREAU OF PUBLIC ROADS ,YETHOD 
OUR 6Wl~ t i 5 I N G  XETHOD 
OUR OWN S P E C I F I E D  GRADATIONS 
OUR OWN VELOCITY DETEKHINATION METHOD 
OUR OWN-THICKNESS S P V I F I C A T < O N  I N  B A S I N S  - - -.- --- - - -- - -- 
S1iOkE PROrECTION MAIIuAL'- 
SOREE!fOlI PAPER 
CORPS FROGRAH H7011 

R I P R A P  RELATED RESEARCH/GUIDANCE NEEDED 

ANGLED FLOW HETHODS/ BETTER BEND ADJUSTMENT 
CONCRETE BLOCK MATS 
C ~ ~ N ~ Z ~ U C T I G ! ~  T E C i i h I G u Z S  I h P E 3 V E S  
D5@ HIN OR XhX WHEN TC USE/  SAFETY FACTORS TO USE 
EH HETtIOD NOT_ _A-L&AIS P P R O P J I A T E ,  OVERDESIGN ( 7 )  

END PROTECTION AND DESIGN 
EXTENT UP AND DOWHSTREAH 
F I L T E R  CLOTII/FABRIC USE 
FiL'iEi?/FGiJh;ATiGKhL ZCSiGK 
GRADATIO!S, _STANDARD, EASE THE C R I T E K I A  - -- -. 

GRAVELAND SHALL SIZE USE 
GROINS, EFFECT ON S I Z I N G  BETWEEN 
GUIDE S P E C I F I C A T I O N  3N STOliE TO USE 
HDC METilOD I N F L E X I B L E  
I C E  ATIACK DESIGN -- -- - 
LAUNCHED RIPRAPIRIPRAP TOE, HINDROW REVETtlENT 
HANUAL, ONE COIIPREHEIISIVC, COVERS ALL CASES 
tlETliOD PREFERENCES 
EODEL, WHEN NEEDED/ BETTER REPORTING 
nOOELLIN( i  A T  FULL SCALE 
P ~ C J P  AND BARGE WASH S I Z I N G  
QUALITY CONTROL 
RISK BASED DESIGN 
hOUGllllI'SS TO IJLE F3R S I Z I N G  
5 1 l ~ F . E  EFFEC? 5 (CDBULES)  - 
S I ~ O F ~ E  P R O T E C T I O N  Kd FACTORS 
S I Z I N G  DURING LEVEE DESIGN 
S I Z I N G  NEAR S T R U C T U P E S / P I E R S  
S T E E P  S ~ R E A M  AND/OR StiALL DITCH PROTECTION 
S T I L L I N G  BASIN S l L I N G  
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THICENESS EFFECTS AND ADJUSTHENTS 
TOE DEP'fH AND LESIGt: CRITERIA, ALL CASES 
TOPSOIL AND SEEDING ON RIPRAP 
TRAINING COURSE FOR INSPECTORS Y 

UNDEHWATER/TURBULENT EMPLACEMENT x x 
UP SLOPE DISTANCE CRITERIA 
VEGETATION EFFECTS ON RIPRAP 
VELOCITY, WHICH VELOCITY TO USE 

G R A D E  C O N T R , O L  

GRADE CONTROL RESEARCH/GUIDANCE NEEDED 

CONPHEHENSIVE CRITERIA NEEDED x x 
COEPLEX CREST SECTION 

x. 
X 

GASLED i i K E  EXTEXSIGK OK CiT TYPE STRUCTURES IH HDC 
DOWNSTREAH SCOUR x 
HEADCUTTING X .  

HEIGHT LIMITATIONS 
INEXPENSIVE DROP STRUCTURES NEEDED x 
ROCK DROP STRUCTURES 

' FtGCii Gk OifiEii 6 ~ S i h  bESiGfi x .  
SAFETY FEATURES x x x 
SEDIHENTATION PROBLEHS x x 
SWEET PILE DESIGN AND ENERGY DROP OVER IT 
SLOPE STABILITY BETWEEN STRUCTURESIBEST SLOPE 
SPACING 
STRUCTURE, DIFFERENT TYPES x x 
SUBHERGENCE CURVE FOR STRAIGHT DROP STRUCTURE x 

~ I S C E L L A N E O U S  E X P E R T I S E  
O R  K N O W L E D G E  

BANK FAILURE MECHANISMS 
BRIDGE PLUGGING DESIGN CRITERIA 
CHANNEL DESIGN, SMALL 
CHECKLIST FOR ENVIROHHENTAL CONCERNS X 

(Continued) (Sheet 19 of 33) 
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AGENDA QUESTION RESPONSES NCS NCR NCC NCE NCB ORP ORH ORL ORN L ~ S  tnn LHK L ~ N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CHECKLISTS FOR DESIGN A I D  REPORTING 
Cl-EARINS b SHAGGlNG 
CRIBS 
LAPIS b OUTLEr WORKS 
DEBRIS JAMS x 
DEBRIS/RETENTION BASINS A 

DISCHARGE, DESIGN DETERPIINATION x 
DOUBLEWALL, CONCRETE BLOCKS 
DRIFT EMBANKMENT 
DUMPING OF STONE IN HIGH WATER (PL99) 
ENERGY DISSIPATION DEVICES 
EROSION CONTROL 
FABRIFORH x 
FILTER FABRIC x x 
GABICINS x x 
GOBI MAT 
GRADE CONTROL 
GROINS f DIKES 
GROUTED STONE RIPRAP 
!!PILES x 
HYDROLINE HATTING x 
.ISITERIOR DRAINAGE x 

u 
N KELLNER JACKS 
IU LEASED PUHP FOR FLOODING x 

LEVEE HEIGHT DETERMINATION x 
LOW FLQV CuLNNELS x 
HEANDER HODELLING x 
HIRAMAT/ ENKHAT 
HODELLING UNSTEADY FLOW 

- OTHER BANK PROTECTION HETHODS x 
PUMPS, SUBMERSIBLE x 
REGiHE ANALYSIS 
RIPRAP 
RIPRAP REHABILITATION 
ROCK HARDPOINTS 
ROCK SAUSAGES x 
ROCK SPECIFICATION 
ROUGHNESS COEFFICIENTS 
SCOUR PREDICTION 
SEDIMENTATION STUDIES x x 

' SEEDIKG MIXTURE x 
SEEDING HIXTURE x 
SOIL CEMENT 
STABLE CHANNEL DESIGN x x x x 
SUPERCRITICAL CHANNELS x 
TIDAL EFFECTS 
TRANSITION DESIGN 

(Continued) (Sheet 20 of 33) 
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P R O J E C T  R E V I E W  

COHHON REVIEWER COMMENTS 

ECONCIHIC ANALYSIS CHANGES 
EFFECT OF FLOWS LARGER THAN DESIGN 
FEATURE OHITTED OR UNDER DESIGNED 
LACK OF DETAILED INFORMATION FOR INDEPENDENT ASSESSHENT x 
OUTDATED OR INCORRECT HANUALS OR GUIDANCE USED li 

REAL ESTATE DOCUMENTATION LACK 
REDUCE HIGH COSTS OF RIPRAP AND BRIDGE HOD. 
REQUIRE HORE OR DIFFERENT ALTERNATIVES 
SEDIMENT ANALYSIS/ CHANNEL STABILITY INADEQUATE x .  x 
SENSITIVITY ANALYSIS REQUIRED 
WHY CHANGE DESIGN DURING PfiASES 

(Continued) (Sheet 22 of 33) 
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AGENDA QUESTION RESPONSES RED NAN NAP NA B '  NAO SAW SAC S A ~  5 ~ s  SAJ . 
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QUESTION 1. 

TYPES OF FLOOD CONTROL PROBLEHS 

AGGRADATION/ SILTING 
BACKWATER FLOODING 
BANK ATTACK BY BRAIDEG STREAN 
DANK ATTACK BY HEANDERING STREAH 
BANK FAILURE, GENERAL x x x 
BRIDGE OPENINGS INADEQUATE 
CLOGGING BY VEGETATION/ BAR STABILIZATION 
CLOGGING OF STREAK BY BARS 
DEBRIS ATTACK 6 JAHS 

X X X  X X 

DEGRADATION/SCOUR/EROSIOt I  x 
DRAINAGE INADEQUATE x x 
EROSION OF STRUCTURES/WEAR/REHARILITATION 
FAH, ALLUVIAL INSTABILITY 
FAULT L1FTI::G b::"uSI::FTIl;G 
FLASH FLOODING 
FLOBD PLAIN ENCROACHHENT/ URBANIZATION X X Y  

GRAVEL WINII.IG IN/EIEAR THE STREAMS 
ICE JAWS x 
INSTABILITY, GENERAL 
LAKC LE:~CLS R:eI::s 
LANDSLIDES/ BANK SLUFFING 
OUTLET SIZES INADEQUATE FOR INTERIOR DRAINAGE 
RIGHTS-OF-WAY INSUFFICIENT 
SCOUR AROUND STRUCTURES 
SEDIWENT LOADS, HEAVY x x  
SEEPAGE THROUGH LEVEES 
SHORE PROTECTION 
TIDAL INFLUENCE DEPOSITION 
UPGRADE OF EXISTING STRUCTURES 
WAVE ATTACK 

HOST COWHON STREAW TYPES 

B1 (STRAIGHT BEDLOAD, HIGRATING SAND WAVES) x 
82 (BEDLOAD WITH ALTERNATE SIDE BARS) x x x x  
03 (LOW SINUOSITY BEDLOAD WITH SIDE BARS AND CHUTES) x x x  
B4 (HEANDERING/BRAIDED BEDLOAD WITH CHUTES AND BARS) x 
55 (BAR-BRAIDED VERY HIGH BEDLOAD) 
S1 (STRAIGHT, NARROW, DEEPP LOU SUSP. LOAD x 
S2 (NARROW, HIGHLY SINUOUS, NO BARS, LOW SUSP. LOAD) x x x x , x x  x 
S3 (NARROW, IIIGIILY SINUOUS, StlALL POINT BARS, SUSP. LOAD) x x x x 
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S4 tfiANY CHANNELS WITH VEGE. BETWEEN, HIGH SUSP. LOAD) x x x 
W: ; ! lACLOif ,  PEEP, STKAIGHT, KIXED iOA3) 
HZ (FAIRLY STABLE ALTERNATE BARS,HIXED LOAD) x x x X X 

ti3 (TRUE KEANDERING CHANNEL,WIDE BARS,tiIXED LOAD) x x x x x 
H4 (HIGER LOAD,SINUOUS-BRAIDED,HIXED LOAD) x x 
n5 (FAIRLY STABLE ISLAND BRAIDED CHANNEL,flIXED LOAD) x x 
AI.LUifIAI. FANS 
AKROYOS, EPllEHERAL 
COBDLE OR ROCK BED AND STEEP 
OTHER NON-ALLUVIAL x x x x  x 
TIDAL INFLUENCED/ SWkHPY x x x x x x 

PRESENT PROJECT CONCERN (1980 - PRESENT) 
BANK PROTECTION/REHABILITATION 
BYPASS CHANNELS 
CLEARIHG b SNAGGING 
CONCRETE CHANNELS 

X X X X X X  , x  
X 

X X X X X  

CGiiZGITS Gi; SiE;L.fR STRUCTL'KES :: x 
.CONTROL STRUCTURES x 
DEBRIS/SEDIHENT BASINS 
DIKES, GROINS 
DIVERSIONS 
ENLARGEHENT/ IHPROVEHENT x x x x  x 
FLOODPROOFING x 
FLOOD INSURANCE STUDIES 
FLOW CONTROL DAHS AND RESERVOIRS/BASINS 
GRADE CONTROL 
KELLNER JACKS 
LEVEES S LSVEE RZPAIR x x x x 
LOW FLOW CHANNELS 
PL 99 REPAIRS 
PUHPING STATIONS/ PONDING 
SCOUR/SEDIHENT TRANSPORT STUDIES x x 
SHORE RELATED PROJECTS. LAKE OR SEA x 

- SOIL CEnENT BANK PROTECTION 
SUPERCRITICAL CHANNELS 
URBAN DRAINAGE 
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OUESTION 2. 

COKKON METHODS USED 

AL - ALIGNMENT CHANGE, RELOCATION 
DP - BANK PROTECTION (RIPRAP) 
BP - BANK PROTECTION (GABIONS) 
BP - BANK PROTECTION (SOIL CEMENT) 

X  X  X  X  

X X X X X X X X X  

X  X  

BP - BANK PROTECTION (GOBI HAT) 
BP - BANK PROTECTION (WILLOWS) x 
aP - BANK PROTECTION (TIRE HATTRESSES) x 

BP - BANK PROTECTION (WIRE ENCASED RIPRAP) 
BP - BANK PROTECTION (SHEET PILE) 
BP - BANK PROTECTION (CRIBS) x 
BP - BANK PROTECTION (HYDROLINE MATTING) . . 
BP - BANK PROTECTION (FABRIFORR) 
BP - BANK PROTECTION (ROCK SAUSAGES) 
BP - BANK PROTECTION (DOUBLEWALL) 
E!' - 2EaNE PEOTECTIOH (KPIKAT/ ENK%.T) .. ,. 
BP - BANK PROTECTION (PAVING BLOCK) 
CS - CLEARING AND SNAGGING 
DB - DEBRIS BASINS, SEDIHENT TRAPS 
DI - DIVERSION INTO CHANNELS 

X X X X X X X  

X 

X  
DO - DIVERSION OUT OF CHANNELS x 
DR - DREDGING x x x x ' 

DE - DEEPENING x x 
EN - GENERAL ENLARGING, 'IMPROVERENT" ~ ~ X X X X X X  x 
EV - ENVIRONMENTAL FEATURES x x 
EX - SELECTIVE EXCAVATION x x x x x x x  
FC - FLOW CONTROL, FLOOD CONTROL DAMS , . 

!A' X  X  

GC - GRADE CONTROL, DROPS, WEIRS, SILLS 
HI - HIGH FLOW CHANNEL, COMPLEX GEOMETRY 
LV - LEVEES, FLOODWALLS, DIKES x x x x x x  x x 
PI - PILOT CHANNELS x x x 
RE - RECREATIONAL FEATURES 
RT - TRANSITION STRUCTURES/FEATURES 
SH - SHORTENING, CUTOFFS, STRAIGHTENING 
SU - SURFACING, PAVING, CONCRETE CHANNEL 
TR - RIVER TRAINING STRUCTURES X  x  

XG - AUXILLIARY CHANNEL/ NEW CHANNEL x ~. 
00 - OTHER (LANDSIDE FILL) 
00 - OTHER (DETENTION BASINS) 
00 - OTHER ICONDUITS, SIPHONS, ETC. ) x 
00 - OTHER (DAM REKOVAL) - 

x 
00 - OTHER (FLOODPROOFIMG) x x 
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QUESTION 3. P ~ S T  CONSTRUCTION PROBLEHS 

AGGRADATION/DEPOSITION/SEDI i lENTATION,  GENERAL x X Y X  x x 
BANK FAILURE SLOUGHING, SLIDING, ETC. x x x x x  x 
DEBRIS ATTACK C JAMS x x 
DEGRADATION/SCOUR, GENERAL x x x 
DEPOSITION, LOCAL (BARS, HOUTH, JUNCTION) x x x 
DIVERSION CHANNEL PROBLENS 
ENVIRONMENTAL PROBLEilS 
EROSION OF CONCRETE 
FILTER FABRIC CLOGGING/ FAILURE 
FLANKING OF STRUCTURES 
FLOOD WEIGHT INCREASE UPSTREAH . - 
GABION FAILURE (WEAR, UNDERMINING, ETC. ) x x 
HEADCUTTING 
ICE ATTACK b JAHS 
INSTABILITY,. GENERAL x 
LEVEE OVERTOPPING, TIEBACK 
LEFEES Fiii, GibE2 
LOW FLOW CHANNEL BEANDERING OR SILTING x  x 
'ilISOPERATION OF STRUCTURES x 
REGIHE ALTERATION x 
RIPRAP FAILURE (FOR WHATEVER REASON - SEE BELOHI x x x  
SCOUR, LOCAL x x 
C_...."_..-. , . " ) 7 .  ..-.. 
alnub1ufinL r n l L u n L  

TIDAL ACTION x 
TOE ATTACK, SCOUR FROM BRAIDED STREAMS x 
TOE ATTACK, SCOUR FROM HEANDERING STREAHS x x x x 
TRANSITION DESIGN INADEQUATE 
VEGETATIVE CLOGGING/CHOKING 
WAVE ATTACK 
WIDENING 

QUESTION 5. CRITERIA NEEDS (SEE SPECIAL TOPICS ALSO) 

AERIAL PHOTO INTERPRETATION 
BACKFILL REQUIREMENTS FOR PL 99 
BANK PROTECTION HETHODS, VARIETY 
BRIDGE OPENING CRITERIA 

X X X X X  

X 

X 

CHAIINEL DESIGN, GRASS LINED 
CHANNELIZATION EFFECTS ON FISH 
CliANNELIZATION GUIDANCE, PRACTICAL, CHECKLIST 
COHESIVE SOIL STABILITY 
CRIB WALL DESIGN 
DATA BASE ON DIFFERENT DESIGNS/ INTER-COMilUNICATION x x 
DEBRIS/DETENTION BASIN/TR.4P DESIGN 

(Continued) (Sheet  26 of 331 



TABLE Dl (Continued) 

- AGENDA QUESTION RESPONSES NED NAN NAP NAB NAO SAW SAC S A ~  SAS SAJ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

DEWATERING A BASIN 
DOYNSTREAR EFFECTS OF FLOW CONTROL 
EAST COAST SHORE PROTECTION HANUAL (LOW ENERGY ENVRO) x 
ENVIRONHENTAL FEATURE EFFECTS ON HYDRAULICS 
EXTREHE EVENT FLOW LINE EXTRAPOLATION 
FILTER FABRIC USE A 

FILTER HATERIAL/BEDDING 
FLOATING RATS 
FLOODPROOFING 
GABION USE AND LIMITATIONS x 
GATE OPERATION, ONE GATE 
GATES, FLAP HEAD LOSS' 
GRADATIOIIS FOR DIKES AND GROINS 
GRADE DETERHINATION. STABLE 
GRAVEL. BED STREAHS 
GRAVEL YIELDS, SAFE 
GROINS AND BANK PROTECTION 
GROUTED RIPRAP DESIGN GUIDANCE ----..- -----.. 
nAKUrUlN1 Ut3lbN 

HEC-6 SIHPLIFIED/ SIMPLE TRANSPORT HODELS x x x 
HYDROLOGY/MYDRAULICS ESTIXATE WITH LIMITED DATA 
ICE/DEBRIS HYDRAULIC ANALYSIS 
INEXPENSIVE SOLUTIONS TO COMMON PROBLEHS 
INTERIOR DRAINAGE REQUIREMENTS OFTEN TOO CUMBERSOHE 
i E . " E E  F P i b i i i E E t  i j iGEE iE.".EE3 .-EK*-IiiTAiIGli 

I 

LE'r'EE FREEBOARD GUIDANCE 
LOW FLOW/ ENVIRONMENTAL/ PILOT CHANNELS x 
LOW HEAD STRUCTURE ENERGY DISSIPATERS 
LOW WATER CROSSINGS 
MANUAL PRECEDENCE AND APPLICABILITY x 
HEANDER LOOPS OPEN FOR LOW FLOW 
PUHP ROUTING PROGRAH 
RECONNAISSANCE, ONE DAY, GUIDANCE x 
REVETHENT, NON-CONTINUOUS EFFECTS 
RIPRAP SIZING FOR FLOW DOWN FACE/OVERTOPPING 
ROUGHNESS f N ALLVVIAL CW.4!iNELS 
ROUGHNESS OF CCONCRETE, SURFACE, LENDS, INLETS 
SAHPLING SEDIfiENT, LOAD ESTIhATIOM 
SCOUR, LOCAL PREDICTION x 
SCOUR, LOW VELOCITY 
SEC. 32 RE-EVALUATION/ OTHER DEMO PROJECTS x 
SEDINENT HANUAL, EXPEDITE/ SEDINENT STUDIES x 
SEGINENT TRANSPORT ANALYSIS, HEAVY LOAD STREAHS 
SEDINENT YIELD S ANALYSIS, EPHEMERAL/URBAN STREARS x 
SENSITIVITY ANALYSIS x 
SlCE DRAINAGE ENERGY DISSIPATORS/ INLET DESIGN x 
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SIDE SLOPE STABILITY ANALYSIS/ BANK FAILURE HECHANIStIS x 
SIPHON DESIGN 
SOIL CEtlENT AND RCC 
STABIL.ITY ANALYSIS, GENERAL / REGIGIE ANALYSIS x x x x x 
STILLING BASINS, TRAPEZOIDAL 
SUHP DESIGN, PURPING STATION 
SUPERCRITICAL CHANNELS WITH OVERBANK SUBCRITICAL 
TIDAL EFFECTS IN CHANNEL DESIGN 
TRAINING flETHODS/flEAtIDERS. RIVER 
TRANSITION DESIGN/ TIE IN OF REVETflENT x 
VEGETATIVE COVER IHFORhATION 
VERIFY 5ODEL STUDY RESULTS 
WAVE RUN UP 
WES HODELLING COSTS AND TIRE/ RESULTS NOT DEVELOPED 

R I P R A P  

BANK SLOUGHING/ FOUNDATIONAL FAILURE/ UPLIFT x x x 
BEDDING POOR 
CHANNEL CLOGGING SPEEDS OR ANGLES FLOW x x 
DEBRIS ATTACK 
DREDGING NEAR TOE x 
FABRIC SLIDING, CLOGGING, OR FAILURE x 
FLANKING x x 
FLOW DOWN THE STONE FACE/BEHIND OR ABOVE STONE TOP x x 
GATE OR OTHER STRUCTURE OPERATION FAULTY x 
ICE ATTACX OR PLUCKING x x 
HAINTENANCE LACK x 
PLACEMENT/PUALITY CONTROL POOR 
SCOUR AROUND/BELOW STRUCTURES x x 
SCOUR FROH ANGLED FLOW INTO BANK (HEANDERS, BRAIDS, ETC. 1 X X X  X X 

SCOUR, GENERAL ALONG TOE X X X 

SEEPAGE EXIT 
SIZE INADEQUATE 
SIZE INADEQUATE, OLDER SITE 
SIZES/GRADADATIONS NOT AVAILABLE OR NOT USED 
TRANSITION DESIGN 
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VANDALISB 
VASE ATTACK, WIN:', NbVZrJATIOtI, PROP WASH 
WEATHERIKG, POOR STONE QUALITY 

OTHER METHODS USED 

BUREAU OF PUBLIC ROADS METHOD x 
OUR OWN SIZING HETHOD x x 
OUR OWN SPECIFIED GRADATIONS x 
OUR OWN VELOCITY DETERNINATION NETHOD 
OUR OWII THICKNESS SPECIFICATION IN BASINS 
SHORE PROTECTION NARUAL x 
SORENSON PAPER 
CORPS PROGRAN H7011 x 

RIPRAP RELATED RESEARCH/GUIDANCE NEEDED 

ANGLED FLOW HETHODS/ BETTER BEND ADJUSTHENT 
CONCRETE BLOCK BATS 
CONSTRUCTION TECHNIQUES INPROVED 
D50 NIN OR MAX WHEN TO USE/ SAFETY FACTORS TO USE 
EN RETHOD NOT ALWAYS APPROPRIATE, OVERDESIGN ( ? )  x x x x x x  x 
END PROTECTION AND DESIGN 
EXTENT UP AND DOWNSTREAN 
FILTER CLOTH/FABRIC USE 
FILTER/FOUNDATIONAL DESIGN 
GRADATIONS, STANDARD, EASE THE CRITERIA x x x x x x x  
GRAVEL AND SHALL SIZE USE x 
GROINS, EFFECT ON SIZING BETWEEN 
GUlDE SPECIFICATION ON STONE TO USE 
HDC HETHOD INFLEXIBLE 
ICE ATTACK DESIGN 
LAUNCHED RIPRAPIRIPRAP TOE, WINDROW REVETMENT 
HANUAL, ONE COHPREttENSIVE, COVERS ALL CASES x x x x 
BETWOD PREFERENCES x x 
NODEL, WHEN NEEDED/ BETTER REPORTING x x 
HODELLING AT FULL SCALE 
PROP AND BARGE WASH SIZING 
QUALITY CONTROL 
RISK BASED DESIGN x 
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RCUG1i::ESS TO USE FOR SIZING 
SHAPF EFFECTS !COSBLES) 
SHORE PROTECTION Kd FACTORS 
SIZING DURING LEVEE DESIGN 
SIZING NEAR STRUCTURES/PIERS x 
STEEP STREAH AND/OR SHALL DITCH PROTECTION x x x 
STILLING BASIN SIZING 
THICKNESS EFFECTS AND ADJUSTHENTS 
TOE DEPTH AND DESIGN CRITERIA, ALL CASES x 
TOPSOIL AND SEEDING ON RIPRAP 
TRAINING COURSE FOR INSPECTORS 
UNDERWhTER/TURBULENT EMPLACEMENT 
UP SLOPE DISTAfiCE CRITERIA 
VEGETATION EFFECTS ON RIPRAP 
VELOCITY, WHICH VELOCITY TO USE 

G R A D E  C O N T R O L  

GRADE CONTROL RESEARCH/GUIDANCE NEEDED 

COHPHEHENSIVE CRITERIA NEEDED 
COMPLEX CREST SECTION 
DASHED LINE EXTENSION ON CIT TYPE STRUCTURES IN HDC 
DOWNSTREAM SCOUR 
HEADCUTTING 
HEIGHT LIHITATIONS 
INEXPENSIVE DROP STRUCTURES NEEDED x 
ROCK DROP STRUCTURES 
ROCK OR OTHER BASIN DESIGN 
SAFETY FEATURES 
SEDIHEtiTATION PROBLEIIS x 
SHEET PILE DESIGN AND ENERGY DROP OVER IT 
SLOPE STAEILITY BETWEEN STRUCTURES/BEST SLOPE 
SPACING 
STRUCTURE, DIFFERENT TYPES 
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~ I S C E L L A N E O U S  E X P E R T I S E  
O R  K N O W L E D G E  

BANK FAILURE MECHANISHS 
BRIDGE PLUGGING DESIGN CRITERIA 
CHANNEL DESIGN, SflALL 
CHECKLIST FOR ENVIRONHENTAL CONCERNS 
CHECKLISTS FOR DESIGN AND REPORTING 
CLEARING b SNAGGING x 
CRIBS 
DAtiS L OUTLET WORKS 
DEBRIS JAHS 
DEBRIS/RETENTION BASINS 
DISCIIARGE, DESIGN DETERMINATION 
DOUBLEWALL, CONCRETE BLOCKS 
DRIFT EnEINKnENT 
DUflPlNG OF STONE IN HIGH WATER (PL99) 
ENERGY DISSIPATION DEVICES - 
EROSION CONTROL 
FABRIFORM 
FILTER FABRIC x 
GAPIONS x x x 
GOBI HAT 
GRADE CONTROL 
GROINS C DIKES 
GROUTED STONE RIPRAP 
H PILES 
HYbkDLlkiE HATTING 
INTERIOR DRAINAGE 
KELLNER JACKS 
LEASED PUMP FOR FLOODING 
LEVEE HEIGHT DETERKINATION 
LOW FLOW CHANNELS 
HEANDER flODELLING 
HIRANAT/ ENKHAT 
HODELLING UNSTEADY FLOW 
OTHER BANK PROTECTION METHODS 
PunPs, SUB~ERSIBLE 
REGIHE ANALYSIS 
RIPRAP 
RIPRAP REHABILITATION 
ROCK HARDPOINTS 
ROCK SAUSAGES 
ROCK SPECIFICATION 
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ROUGHNCSS CCEFFICIENTS 
SCOLlR PREDICTION 
SEDIHENTATION STUDIES 
SEEDING HIXTURE 
SEEDING nIXTURE 
SOIL CEHENT 
STABLE CHANNEL DESIGN 
SUPERCRITICAL CHANNELS 
TIDAL EFFECTS x 
TRANSITION DESIGN 
TRENCH/ WINDROW REVETHENT 
VELOCITY CRITERIA FOR CHANNEL DESIGN 
VELOCITY DETERHINATION FOR RIPRAP DESIGN 
WIRE ENCASED RIPRAP 

DESIGN FEATURES 

ARCHEOLOGICAL INVESTIGATIONS 
BERH WIDTH/ BERHS x 
BOULDERS i( x 
CONSTRUCTION TIMING/ CONSTRUCTION LINITATIONS x x x x x x 
CRIBS x 
DEFLECTOR VANES 
DETENTION STORAGE 
DREDGED HATERIAL PLACEHENT RESTRICTIONS 
EXCAVATE ONE SIDE ONLY 
FISH PASSAGE SILLS, LADDERS, ETC. x 
FLOW HAINTEtIAtfCE x 
GRAVEL HINING, USEFULL, HAULTED 
SOIL/GRAVEL/CODBLE SURFACING OF RIPRAP 
GROINS b DIKES 
LANDSCAPING 
LOX FLOW/PILOT/ENVIRONHENTAL CHANNELS x 
HAINTAIN HEANDER LOOPS 
HATERIAL USE LIHITATIONS 
HITIGATION AREA/ WILDLIFE HABITAT AREA x x x 
HULTI-LEVEL INTAKES 
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NOTCHED DROP STRUCTURES 
NOTCIIED J E T T Y  
Pl l i lL  AND R I F F L E  
4EVEGETATION A ' x 
REVETnEt lT  L I H I T A T I O N  .- 

Sl{EI.VES 
S I L T  FENCES 
Y SHAPED CHANNEL 
VEGETATION SAVING 
W I E R S  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P R O J E C T  R E V I E W  

COHKON REVIEWER COHHENTS 

ECONOHIC ANALYSIS  CHANGES , 

E F F E C T  OF FLOWS LARGER THAN DESIGN 
FEATURE OXITTED OR UNDER DESIGNED 
LACK OF DETAILED INFORHATION FOR INDEPENDENT ASSESSHENT x 
OUTDATED OR IIICORRECT HANUALS OR GUIDANCE USED x x x x x 
h E A i  ESTATE f i G L U r i E ~ T A i i G i i  . 
REDUCE HIGH C O S T S  OF R I P R A P  AND BRIDGE HOD. 
REQUIRE KORE OR D I F F E R E N T  ALTERNATIVES x 
S E D I H E N T  ANALYSIS/  CHANNEL S T A B I L I T Y  INADEQUATE 
S E N S I T I V I T Y  ANALYSIS  REQUIRED x 
WHY CHLNGE DESIGN DURIHG PHASES 
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T a b l e  D 2  

A g e n d a  Q u e s t i o n  R e s p o n s e  T o t a l s  

AGENDA Q U E S T I O N  RESPONSES 
_ _ - I _ _ - - _ _ _ O - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l  I 

I 1 

Q U E S T I O N  1. I I I 
I 1 
I I 

T Y P E S  OF FLOOD CONTROL PROBLEMS I : : 1 

I I 
I I 

AGGRADATION/ S I L T I N G  i 1 5  1 
BACKWATER FLOODING 1 3 1  
BANK ATTACK BY B R A I D E D  STREAM 1 8 1  
BANK ATTACK BY MEANDERING STREAM i 18 1 
BANK F A I L U R E ,  GENERAL 1 10 1 
BRIDGE OPENINGS INADEQUATE 1 3 1  
CLOGGING B Y  VEGETATION/  BAR S T A B I L I Z A T I O N  i 11 1 
CLOGGING O F  STREAM BY BARS 1 4 1  
D E B R I S  ATTACK & JAMS 1 5 1  
DEGRADATION/SCOUR/EROSION 1 1 0  / 
DRAINAGE I N A D E Q U A T E  1 2 1  
EROSION OF STRUCTURES/WEAR/REHABILITATION 1 5 1  
FAN,  A L L U V I A L  I N S T A B I L I T Y  1 6 1  
F A U L T  L I F T I N G  AND S H I F T I N G  1 1 1  
FLASH FLOODING 1 3 1  
FLOOD P L A I N  ENCROACHMENT/ U R B A N I Z A T I O N  ) 1 4  i 
GRAVEL M I N I N G  I N / N E A R  THE STREAMS ! 3 1  
ICE JAMS 1 4 1  
INSTABILITY, GENERAL i 7 ;  
L A K E  L E V E L S  R I S I N G  t 2 1  
L A N D S L I D E S /  BANK S L U F F I N G  1 3 1  
OUTLET S I Z E S  I N A D E Q U A T E  FOR I N T E R I O R  D R A I N A G E  1 2 1  
RIGHTS-OF-WAY I N S U F F I C I E N T  1 2 1  
SCOUR AROUND STRUCTURES ! 1 1  
S E D I N E N T  LOADS, HEAVY i 1 2  1 
SEEPAGE THROUGH LEVEES 1 2 1  
SHORE PROTECTION 1 3 1  
T I D A L  I N F L U E N C E  D E P O S I T I O N  1 7 1  
UPGRADE OF E X I S T I N G  STRUCTURES 1 2 1  
WAVE ATTACK 1 4 1  

I 
I I 

MOST COMMON STREAM TYPES I I 
I I 
I I 
I I 

51 ( S T R A I G H T  BEDLOAD, N I G R A T I N G  SAND WAVES) i 1 1  
B 2  (BEDLOAD W I T H  ALTERNATE S I D E  BARS)  1 10 1 
B 3  (LOW S I N U O S I T Y  BEDLOAD W I T H  S I D E  BARS AND CHUTES) 1 12 1 
B 4  (MEANDERING/BRAIDED BEDLOAD W I T H  CHUTES AND BARS)  1 6 i 
B 5  ( B A R - B R A I D E D  VERY H I G H  BEDLOAD) 1 2 1  
S 1  ( S T R A I G H T ,  NARROW, DEEP, LOW S U S ~ .  L O A D )  1 3 1  
S 2  (NARROW,HIGHLY SINUOUS,NO BARS,LOW SUSP.  LOAD)  1 19 1 
S 3  (NARROW,HIGHLY S INUOUS,SMALL P O I N T  BARS,SUSP.  LOAD)  1 18 / 

( C o n t i n u e d )  
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Tab1 e D 2  ( C o n t i n u e d  j 
_ _ _ _ _ _ _ _ p _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

5 4  (MANY CHANNELS W I T H  VEGE. BETWEEN, H I G H  SUSP. LOAD) 1 5 1 
M 1  (NARROW,DEEP,STRAIGHT,MIXED LOAD)  1 1 1  
M2 ( F A I R L Y  S T A B L E  ALTERNATE BARS,MIXED LOAD)  1 2 2  1 
M 3  ( T R U E  MEANDERING CHANNEL,WIDE BARS,MIXED LOAD) ( 2 6  1 
M4 ( H I G E R  LOAD,SINUOUS-BRAIDED,MIXED LOAD)  1 9 1  
M 5  ( F A I R L Y  S T A B L E  I S L A N D  B R A I D E D  CHANNEL,MIXED LOAD)  1 6 1 
ALLUVIAL FANS 1 5 1  
ARROYOS, EPHEMERAL 1 2 1  
GOBBLE OR ROCK BED AND STEEP 1 1 5  1 
OTHER N O N - A L L U V I A L  1 8 1  
TIDAL INFLUENCED/ SWAMPY 1 9 1  

I I 
I I 
I I 
I I 

PRESENT PROJECT CONCERN (1980 - PRESENT)  I I I I 
I I 
I I 

BANK PROTECTION/REHABILITATION 1 2 8  f 
BYPASS CHANNELS 1 4 1  
C L E A R I N G  & SNAGGING 1 1 4  1 
CONCRETE CHANNELS 1 4 1  
CONDUITS OR S I M I L A R  STRUCTURES 1 4 1  
CONTROL STRUCTURES 1 1 1  
D E B R I S / S E D I M E N T  B A S I N S  1 6 1  
DIKES~GROINS 1 4 1  
D I V E R S I O N S  1 4 1  
ENLARGEMENT/ IMPROVEMENT 1 2 5  1 
FLOODPROOFING 1 2 ;  
FLOOD INSURANCE S T U D I E S  1 1 1  
FLOW CONTROL DAMS AND RESERVOIRS/BASINS 1 9 1  
GRADE CONTROL 1 9 1  
KELLNER J A C K S  1 1 1  
LEVEES & L E V E E  R E P A I R  f 2 5  f 
COW FLOW CHANNELS 1 2 1  
P L  99 R E P A I R S  1 2 1  
PUMPING S T A T I O N S /  PONDING 1 4 1  
SCOUR/SEDIMENT TRANSPORT S T U D I E S  1 7 1  
SHORE R E L A T E D  PROJECTS,  L A K E  OR SEA 1 2 1  
SHORTENING/STRAIGHTENING 1 6 ;  
$ O I L  CEMENT BANK PROTECTION 1 2 1  
S U P E R C R I T I C A L  CHANNELS f 2 j  
URBAN D R A I N A G E  1 8 1  

1 
I I 

_ _ _ _ _ I _ _ _ _ P - - I - - - I - - - - s - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1 I 
I I 
I I 
I I 

QUESTION 2.  I i I I 
I I 
I I 

COMMON METHODS USED I 1 
I I 
I I 
I I 

AL - A L I G N M E N T  CHANGE, RELOCATION 1 18 1 
BP - BANK PROTECTION ( R I P R A P )  1 3 5  1 
9~ - BANK PROTECTION ( G A B T O N S )  In 1 

( C o n t i n u e d )  
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T a b 1  e D2 ( C o n t i n u e d )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BP - BANK PROTECTION ( S O I L  CEMENT) 
BP - BANK PROTECTION ( G O B I  M A T )  

1 2 1  

B P  - BANK PROTECTION ( W I L L O W S )  
( 1 1  
1 1 1  

BP - BANK PROTECTION ( T I R E  MATTRESSES)  1 1 1  
BP - BANK PROTECTION ( W I R E  ENCASED R I P R A P )  1 1 1  
BP - BANK PROTECTION ( S H E E T  P I L E )  1 1 1  
B P  - BANK PROTECTION ( C R I B S )  1 3 /  
B P  - BANK PROTECTION ( H Y D R O L I N E  M A T T I N G )  1 1 1  
B P  - BANK PROTECTION ( F A B R I F O R M )  1 1 1  
BP - BANK PROTECTION (ROCK SAUSAGES) 1 1 1  
B P  - BANK PROTECTION (DOUBLEWALL)  I l l  
B P  - BANK PROTECTION ( M I R A M A T /  ENKMAT) 1 1 1  
BP - BANK PROTECTION ( P A V I N G  BLOCK)  1 1 1  
BM - B A S I N  M O D I F I C A T I O N S /  MANAGEMENT 1 2 1  
CS - C L E A R I N G  AND SNAGGING 1 24 1 
DB - DEBRIS BASINS, SEDIMENT TRAPS ; a ;  
D I  - D I V E R S I O N  I N T O  CHANNELS 1 11 1 
DO - D I V E R S I O N  OUT OF CHANNELS f 13 1 
DR - DREDGING ! 9 !  
DE - DEEPENING 
EN - GENERAL ENLARGING,  " IMPROVEMENT" 
EV - ENVIRONMENTAL FEATURES 
EX - S E L E C T I V E  E X C A V A T I O N  
FC - FLOW CONTROL, FLOOD CONTROL DAMS 
GC - GRADE CONTROL, DROPS, W E I R S ,  S I L L S  
H I  - H I G H  FLOW CHANNEL, COMPLEX GEOMETRY 
L V  - LEVEES,  FLOODWALLS, D I K E S  
P I  - P I L O T  CHANNELS 
R E  - RECREATIONAL FEATURES 
R T  - T R A N S I T I O N  STRUCTURES/FEATURES 
SH - SHORTENING, CUTOFFS,  S T R A I G H T E N I N G  
SU - SURFACING,  P A V I N G ,  CONCRETE CHANNEL 
T R  - R I V E R  T R A I N I N G  STRUCTURES 
XC - A U X I L L I A R Y  CHANNEL/ NEW CHANNEL 
00 - OTHER ( L A N D S I D E  F I L L )  
00 - OTHER ( D E T E N T I O N  B A S I N S )  
00 - OTHER ( C O N D U I T S , S I P H O N S , E T C . )  
00 - OTHER (DAM REMOVAL) 
00 - OTHER (FLOODPROOFING)  

(Con t inued)  . 
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Table 02 (Continued) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

QUESTION 3. POST CONSTRUCTION PROBLEMS I I I I 
I I 
I I 

AGGRADATION/DEPOSITION/SEDIMENTATION, GENERAL 1 2 4 1 
BANK FAILURE SLOUGHING, SLIDING, ETC. 1 23 1 
DEBRIS ATTACK & JAMS 
DEGRADATION/SCOUR, GENERAL 

1 4 1  
1 18 1 

DEPOSITION, LOCAL (BARS,MOUTH,JUNCTION) 1 8 1  
DIVERSION CHANNEL PROBLEMS f 1 1  
ENVIRONMENTAL PROBLEMS / 3 ;  
EROSION OF CONCRETE 1 1 1  
FILTER FABRIC CLOGGING/ FAILURE 1 1 1  
FLANKING OF STRUCTURES 1 5 1  
FLOOD HEIGHT INCREASE UPSTREAM 1 1 1  
GABION FAILURE (WEAR,UNDERMINING,ETC.) 1 8 1  
HEADCUTTING 1 6 1  
ICE ATTACK & JAMS I 3 f  
INSTABILITY, GENERAL 1 9 1  
LEVEE OVERTOPPING, TIEBACK 1 1 1  
LEVEES FAIL, OLDER ! 8 1  
LOW FLOW CHANNEL MEANDERING OR SILTING 1 9 1  
MISOPERATION OF STRUCTURES / 1 ;  
REGIME ALTERATION 1 7 1  
RIPRAP FAILURE (FOR WHATEVER REASON - SEE BELOW) 1 18 1 
SCOUR, LOCAL 1 6 1  
STRUCTURAL FAILURE 1 1 1  
TIDAL ACTION : 3 1  
TOE ATTACK, SCOUR FROM BRAIDED STREAMS 1 8 1  
TOE ATTACK, SCOUR FROM MEANDERING STREAMS 1 21 1 
TRANSITION DESIGN INADEQUATE 1 4 ;  
VEGETATIVE CLOGGINGICHOKING j 7 1  
WAVE ATTACK 1 4 1  
WIDEN I NG 1 4 1  

I 
I I 

_ _ _ _ _ _ _ _ P _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~  I 
I 

QUESTION 5. CRITERIA NEEDS (SEE SPECIAL TOPICS ALSO) 1 I 

I 
I I 

AERIAL PHOTO INTERPRETATION ! 1 1  
BACKFILL REQUIREMENTS FOR PL 99 ) 1 1  
BANK PROTECTION METHODS, VARIETY 1 13 1 
BRIDGE OPENING CRITERIA 1 4 1  
CHANNEL DESIGN, GRASS LINED 1 2 1  
CHANNELIZATION EFFECTS ON FISH 1 1 1  
CHANNELIZATION GUIDANCE, PRACTICAL, CHECKLIST 1 5 1  
COHESIVE SOIL STABILITY 1 2 1  
CRIB WALL DESIGN 1 1 ;  
DATA BASE ON DIFFERENT DESIGNS/ INTER-COMMUNICATION f 4 f 
DEBRIS/DETENTION BASIN/TRAP DESIGN 1 4 1  
DEWATERING A BASIN 1 1 1  
DOWNSTREAM EFFECTS OF FLOW CONTROL 1 4 1  
EAST COAST SHORE PROTECTION MANUAL (LOW ENERGY ENVRO) 1 f 

(Cont i  nued) 
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T a b 1  e 0 2  ( C o n t i  nuea) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ENVIRONMENTAL FEATURE EFFECTS ON H Y D R A U L I C S  f 1 1  
EXTREME EVENT FLOW L I N E  E X T R A P O L A T I O N  1 2 1  
FILTER FABRIC USE 1 3 1  
F I L T E R  M A T E R I A L / B E D D I N G  1 2 1  
F L O A T I N G  MATS 1 1 1  
FLOODPROOFING 1 1 ;  
G A B I O N  USE AND L I M I T A T I O N S  1 7 1  
GATE OPERATION,  ONE GATE f 1 ;  
GATES,  F L A P  HEAD LOSS 1 1 1  
GRADATIONS FOR D I K E S  AND GROINS 1 1 1  
GRADE DETERMINATION, STABLE 1 3 1  
GRAVEL BED STREAMS 1 1 1  
GRAVEL Y I E L D S ,  SAFE 1 1 1  
GROINS AND BANK PROTECTION 1 3 1  
GROUTED R I P R A P  D E S I G N  GUIDANCE 1 5 1  
YARDPOINT D E S I G N  1 1 1  
H E C - 6  S I M P L I F I E D /  S I M P L E  TRANSPORT MODELS 1 8 1  
HYDROLOGY/HYDRAULICS E S T I M A T E  W I T H  L I M I T E D  DATA f l f  
I C E / D E B R I S  H Y D R A U L I C  A N A L Y S I S  1 2 1  
I N E X P E N S I V E  S O L U T I O N S  TO COMMON PROBLEMS 1 2 1  
I N T E R I O R  D R A I N A G E  REQUIREMENTS OFTEN T O 0  CUMBERSOME 1 4 1 
LEVEE FAILURE, OLDER LEVEES, REHABILITATION 1 3 1  
L E V E E  FREEBOARD GUIDANCE 1 6 1  
LOW FLOW/ ENVIRONMENTAL/  P I L O T  CHANNELS : 5 1  
LOW HEAD STRUCTURE ENERGY D I S S I P A T E R S  1 1 1  
LOW WATER CROSSINGS 1 1 1  
MANUAL PRECEDENCE AND APPLICABILITY 1 3 1  
MEANDER LOOPS OPEN FOR LOW FLOW 1 1 1  
PUMP ROUTING PROGRAM 1 1 1  
RECONNAISSANCE, ONE DAY,  GUIDANCE 1 4 1  
REVETMENT, NON-CONTINUOUS EFFECTS 1 1 1  
R I P R A P  S I Z I N G  FOR FLOW DOWN FACE/OVERTOPPING 1 1 1  
ROUGHNESS I N  A L L U V I A L  CHANNELS f 4 1  
ROUGHNESS OF CONCRETE, SURFACE,BENDS, INLETS 1 2 1  
S A M P L I N G  SEDIMENT,  LOAD E S T I M A T I O N  1 1 1  
SCOUR, LOCAL P R E D I C T I O N  1 5 1  
SCOUR, LOW V E L O C I T Y  1 1 1  
SEC. 32 R E - E V A L U A T I O N /  OTHER DEMO PROJECTS 1 6 1  
SEDIMENT MANUAL,  E X P E D I T E /  S E D I M E N T  S T U D I E S  1 2 1  
S E D I M E N T  TRANSPORT A N A L Y S I S ,  HEAVY LOAD STREAMS 1 1 1  
SEDIMENT Y I E L D  & A N A L Y S I S ,  EPHEMERAL/URBAN STREAMS 1 3 1  
S E N S I T I V I T Y  A N A L Y S I S  1 1 1  
S I D E  D R A I N A G E  ENERGY D I S S I P A T O R S /  I N L E T  D E S I G N  1 3 1  
S I D E  SLOPE S T A B I L I T Y  A N A L Y S I S / ^  BANK F A I L U R E  MECHANISMS 1 3 1 
S I P H O N  D E S I G N  1 1 1  
? O I L  CEMENT AND RCC 1 2 1  
S T A B I L I T Y  A N A L Y S I S ,  GENERAL / REG,IME A N A L Y S I S  1 7 1  
S T I L L I N G  B A S I N S ,  T R A P E Z O I D A L  1 1 1  
SUMP D E S I G N ,  PUMPING S T A T I O N  1 '1 1 
S U P E R C R I T I C A L  CHANNELS W I T H  OVERBANK S U B C R I T I C A L  1 '1 1 

(Cont inued) 
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T a b 1  e D2 ( C o n t i n u e d )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T I D A L  EFFECTS I N  CHANNEL D E S I G N  
T R A I N I N G  METHODS/MEANDERS, R I V E R  

1 1 1  
! 3 1  

T R A N S I T I O N  D E S I G N /  T I E  I N  OF REVETMENT 1 9 1  
V E G E T A T I V E  COVER I N F O R M A T I O N  i i i  
V E R I F Y  MODEL STUDY RESULTS 1 1 1  
WAVE RUN UP 1 2 1  
WES M O D E L L I N G  COSTS AND T I M E /  RESULTS NOT DEVELOPED j 5 j 

I 
I ! 
I I 
I I 

___--__---_-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_-- l  I 
I I 
I I 
I I ------ S P E C I A L  T O P I ' C S - - - - - -  I I 
I I 
I I 
I I 
I 
I ! 

F A I L U R E  CAUSES 

BANK SLOUGHING/ FOUNDATIONAL F A I L U R E /  U P L I F T  
B E D D I N G  POOR 
CHANNEL CLOGGING SPEEDS OR ANGLES FLOW 
D E B R I S  ATTACK 
DREDGING NEAR TOE 
F A B R I C  S L I D I N G ,  CLOGGING, OR F A I L U R E  
FLANK I NG 
FLOW DOWN THE STONE F A C E / B E H I N D  OR ABOVE STONE TOP 
GATE OR OTHER STRUCTURE O P E R A T I O N  F A U L T Y  
I C E  ATTACK OR P L U C K I N G  
MAINTENANCE LACK 
PLACEMENT/QUALITY CONTROL POOR 
SCOUR AROUND/BELOW STRUCTURES 
SCOUR FROM ANGLED FLOW I N T O  BANK (MEANDERS,BRAIDS,ETC 
SCOUR, GENERAL ALONG TOE 
SEEPAGE E X I T  
S I Z E  I N A D E Q U A T E  
S I Z E  INADEQUATE,  OLDER S I T E  
S I Z E S / G R A D A D A T I O N S  NOT A V A I L A B L E  OR NOT USED 
T R A N S I T I O N  D E S I G N  
V A N D A L 1  SM 
WAVE ATTACK,  W I N D ,  N A V I G A T I O N ,  PROP WASH 
WEATHERING, POOR STONE Q U A L I T Y  

(Continued) 
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Tab1 e 02 (Con t i  nuea j 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OTHER METHODS USED I I I I 
I 
I I 
I I 
I I 

BUREAU OF P U B L I C  ROADS METHOD 1 1 1  
OUR OWN S I Z I N G  METHOD 1 4 1  
OUR OWN SPECIFIED GRADATIONS 1 9 1  
OUR OWN V E L O C I T Y  D E T E R M I N A T I O N  METHOD 1 1 1  
OUR OWN T H I C K N E S S  S P E C I F I C A T I O N  I N  B A S I N S  1 1 1  
SHORE PROTECTION MANUAL 1 3 1  
SORENSON PAPER 1 1 1  
CORPS PROGRAM H 7 0 1 1  1 1 1  

I ! 
I 
I ! 
I 
I 1 

R I P R A P  RELATED RESEARCH/GUIDANCE NEEDED I I 
I I 
I I 
I I 
I I 
I I 

ANGLED FLOW METHODS/ BETTER BEND ADJUSTMENT 1 7 1  
CONCRETE BLOCK MATS 1 2 1  
CONSTRUCTION T E C H N I Q U E S  INPROVED i 1 1  
D ~ O  MIN OR MAX WHEN TO USE/ SAFETY FACTORS TO USE 1 3 1  
EM METHOD NOT ALWAYS APPROPRIATE,  OVERDESIGN ( ? )  1 20 1 
END PROTECTION AND D E S I G N  1 1 1  
EXTENT UP AND DOWNSTREAM 1 4 1  
F I L T E R  C L O T H / F A B R I C  USE 1 4 1  
F I L T E R / F O U N D A T I O N A L  D E S I G N  1 3 ;  
GRADATIONS,  STANDARD, EASE THE C R I T E R I A  1 1 3  1 
GRAVEL AND SMALL S I Z E  USE 1 2 1  
GROINS,  E F F E C T  ON S I Z I N G  BETWEEN i 1 1  
G U I D E  S P E C I F I C A T I O N  ON STONE TO USE 1 4 1  
HDC METHOD I N F L E X I B L E  f 1 1  
I C E  ATTACK D E S I G N  1 2 1  
LAUNCHED R I P R A P / R I P R A P  TOE,  WINDROW REVETMENT 1 2 1  
MANUAL, ONE COMPREHENSIVE, COVERS ALL CASES 1 9 1  
METHOD PREFERENCES 1 6 1  
MODEL, WHEN NEEDED/ BETTER REPORTING 1 2 1  
M O D E L L I N G  A T  F U L L  SCALE 1 1 1  
PROP AND BARGE WASH S I Z I N G  j 3 1  
Q U A L I T Y  CONTROL 1 1 1  
R I S K  BASED D E S I G N  1 
ROUGHNESS T O  USE FOR S I Z I N G  i 1 ;  
SHAPE E F F E C T S  ( C O B B L E S )  1 1 1  
SHORE PROTECTION K d  FACTORS 1 1 1  
S I Z I N G  D U R I N G  L E V E E  D E S I G N  1 2 1  
S I Z I N G  NEAR STRUCTURES/P IERS 1 2 1  
STEEP STREAM AND/OR SMALL D I T C H  PROTECTION 1 5 1  
S T I L L I N G  B A S I N  S I Z I N G  i 2 1  
THICKNESS EFFECTS AND ADJUSTMENTS 1 4 1  
TOE DEPTH AND D E S I G N  C R I T E R I A ,  A L L  CASES ! 8 ;  
T O P S O I L  AND S E E D I N G  ON R I P R A P  1 2 1  

(Continued) . 
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T a b 1  e D 2  ( C o n t i n u e d )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T R A I N I N G  COURSE FOR INSPECTORS 1 1 1  
UNDERWATER/TURBULENT EMPLACEMENT 1 3 1  
UP SLOPE D I S T A N C E  C R I T E R I A  1 2 1  
V E G E T A T I O N  E F F E C T S  ON R I P R A P  1 4 ;  
VELOCITY, WHICH VELOCITY TO USE 1 9 1  

I I 
I I 
i I 

- - - - - - -^-m--- - - - - - - - - - - - - - - - - - - - - i - - - - - - - - - - - - - - - - - - - - - l  I 
I I 
I I 
I ! 
I 
i 

G R A D E  C O N T R O L  1 I 
I 

I I 
I ! 

i 
I I 
I I 
I I 
I I 

GRADE CONTROL RESEARCH/GUIDANCE NEEDED I I 
I I 
I I 
I I 
I I 
I I 

COMPHEHENSIVE C R I T E R I A  NEEDED 1 6 1  
COMPLEX CREST S E C T I O N  f l f  
DASHED L I N E  E X T E N S I O N  ON C I T  T Y P E  STRUCTURES I N  HDC 1 1 1 
DOWNSTREAM SCOUR 1 2 1  
HEADCUTTING 1 2 1  
H E I G H T  L I M I T A T I O N S  1 1 1  
I N E X P E N S I V E  DROP STRUCTURES NEEDED i 4 1  
ROCK DROP STRUCTURES I 1 1  
ROCK OR OTHER B A S I N  D E S I G N  1 4 1  
SAFETY FEATURES 1 4 1  
S E D I M E N T A T I O N  PROBLEMS 1 4 1  
SHEET P I L E  D E S I G N  AND ENERGY DROP OVER I T  1 2 1  
SLOPE S T A B I L I T Y  BETWEEN STRUCTURES/BEST SLOPE 1 5 1  
SPACING 1 3 1  
STRUCTURE, D I F F E R E N T  TYPES 1 2 1  
SUBMERGENCE CURVE FOR S T R A I G H T  DROP STRUCTURE 1 1 1  

I I 
! I 
! I 

I 
I I 

M I S C E L L A N E O U S  E X P E R T I S E  I I 
I I 

Q R  K N O W L E D G E  I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

BANK F A I L U R E  MECHANISMS 1 1 1  
B R I D G E  PLUGGING D E S I G N  C R I T E R I A  1 1 1  
CHANNEL D E S I G N ,  SMALL 1 1 1  
C H E C K L I S T  FOR ENVIRONMENTAL CONCERNS / 1 1  
C H E C K L I S T S  FOR D E S I G N  AND REPORTING 1 1 1  
CLEARING & SNAGGING 1 3 1  
C R I B S  1 2 1  
DAMS & O U T L E T  WORKS 1 1 1  

( C o n t i  n u e d )  

D 4 3  

( S h e e t  8 o f  10) 



T a b 1  e D2 (Cont i  nued) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D E B R I S  JAMS 1 1 1  
D E B R I S / R E T E N T I O N  B A S I N S  1 3 1  
DISCHARGE,  D E S I G N  D E T E R M I N A T I O N  1 1 1  
DOUBLEWALL,  CONCRETE BLOCKS I 1 1  
D R I F T  EMBANKMENT f 1 1  
DUMPING OF STONE I N  H I G H  WATER ( P L 9 9 )  i 1 1  
ENERGY D I S S I P A T I O N  D E V I C E S  ! 1 1  
EROSION CONTROL 1 1 1  
F A B R I  FORM i 1 1  
FILTER FABRIC 1 4 1  
G A B I O N S  1 8 1  
G O B I  MAT ; 1 ;  
GRADE CONTROL 1 5 1  
G R O I N S  & D I K E S  1 3 1  
GROUTED STONE R I P R A P  j 3 1  
c( P I L E S  ; 3 1  
H Y D R O L I N E  M A T T I N G  1 1 1  
I N T E R I O R  D R A I N A G E  i 1 1  
KELLNER J A C K S  1 1 1  
L E A S E D  PUMP FOR FLOODING 1 1 1  
L E V E E  H E i G H T  D E T E R M I N A T I O N  i 11  
LOW FLOW CHANNELS 1 1 1  
MEANDER M O D E L L I N G  1 1 1  
M I  RAMAT/ ENKMAT i 1 1  
M O D E L L I N G  UNSTEADY FLOW I l l  
OTHER BANK PROTECTION METHODS 1 2 1  
PUMPS, S U B M E R S I B L E  1 1 1  
REGIME A N A L Y S I S  1 1 1  
R I P R A P  1 5 1  
R I P R A P  R E H A B I L I T A T I O N  1 2 1  
ROCK HAUDPO 1 NTS 1 1 1  
ROCK SAUSAGES 1 1 1  
ROCK S P E C I F I C A T I O N  i 1 ;  
ROUGHNESS C O E F F I C I E N T S  . 1 2 1  
SCOUR P R E D I C T I O N  1 1 1  
S E D I M E N T A T I O N  S T U D I E S  i 2 1  
S E E D I N G  M I X T U R E  1 1 1  
S E E D I N G  M I X T U R E  1 1 1  
S O I L  CEMENT 1 4 1  
S T A B L E  CHANNEL D E S I G N  1 6 1  
S U P E R C R I T I C A L  CHANNELS 1 2 1  
T I D A L  EFFECTS i 1 :  
T R A N S I T I O N  D E S I G N  1 1 1  
TRENCH/WINDROW REVETMENT 1 2 1  
VELOCITY CRITERIA FOR CHANNEL DESIGN 1 3 1  
V E L O C I T Y  D E T E R M I N A T I O N  FOR R I P R A P  D E S I G N  1 1 1  
W I R E  ENCASED R I P R A P  1 1 1  

I 
I 1 
I I 
I I 
I I 
I I 
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E N V I R O N M E N T A L  C O N C E R N S  I I I I 
I f 

I I 
D E S I G N  FEATURES I I I I 

I I 
I I 

ARCHEOLOGICAL I N V E S T I G A T I O N S  i 1 ;  
BERM W I D T H /  BERMS ! 3 1  
BOULDERS 1 4 1  
CONSTRUCTION T I M I N G /  CONSTRUCTION L I M I T A T I O N S  i 11 
C R I B S  I 1 1  
DEFLECTOR VANES 1 1 1  
D E T E N T I O N  STORAGE 1 1 1  
DREDGED M A T E R I A L  PLACEMENT R E S T R I C T I O N S  1 2 1  
EXCAVATE ONE SIDE ONLY 1 4 1  
F I S H  PASSAGE S I L L S ,  LADDERS, ETC.  1 2 1  
FLOW M A I N T E N A N C E  1 2 1  
GRAVEL M I N I N G ,  U S E F U L L ,  HAULTED 1 1 1  
S O I L / G R A V E L / C O B B L E  SURFACING OF R I P R A P  1 3 1  
GROINS & D I K E S  ' ! 3 1  
L A N D S C A P I N G  1 1 1  
LOW FLOW/PILOT/ENVIRONMENTAL CHANNELS i 5 1  
M A I N T A I N  MEANDER LOOPS 1 2 ;  
M A T E R I A L  U S E  L I M I T A T I O N S  1 1 1  
M I T I G A T I O N  AREA/ W I L D L I F E  H A B I T A T  AREA 1 8 1  
M U L T I - L E V E L  I N T A K E S  1 1 :  
NOTCHED DROP STRUCTURES 1 2 1  
NOTCHED J E T T Y  1 1 1  
POOL AND R I F F L E  1 2 1  
R E V E G E T A T I O N  1 5 1  
REVETMENT L I M I T A T I O N  1 2 1  
SHELVES 1 1 1  
S I L T  FENCES 1 1 1  
V SHAPED CHANNEL i 1 ;  
V E G E T A T I O N  S A V I N G  ( 1 3  1 
WI ERS 1 3 1  

I 
I I 

P R O J E C T  R E V I E W  I 1 
I I 
I I 
I I 

COMMON REVIEWER COMMENTS I I 
I I 
I I 
I I 

ECONOMIC A N A L Y S I S  CHANGES i 1 -  1 
E F F E C T  OF FLOWS LARGER THAN D E S I G N  1 2 1  
FEATURE OMITTED OR UNDER DESIGNED 1 5 1  
LACK OF D E T A I L E D  I N F O R M A T I O N  FOR INDEPENDENT ASSESSMENT:  8 1 
OUTDATED OR INCORRECT MANUALS OR GUIDANCE USED i 9 ;  
9 E A L  E S T A T E  DOCUMENTATION LACK 1 1 1  
REDUCE H I G H  COSTS OF R I P R A P  AND B R I D G E  MOD. I 11 
R E Q U I R E  MORE OR D I F F E R E N T  A L T E R N A T I V E S  

! 
i 3 1  

S E D I M E N T  A N A L Y S I S /  CHANNEL S T A B I L I T Y  I N A D E Q U A T E  ! 7 1  
S E N S I T I V I T Y  A N A L Y S I S  REQUIRED 1 1 1  
WHY CHANGE D E S I G N  DURING PHASES 1 1 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Tab le  D l 2  

Southwestern D i v i s i o n  Summary 

S t  ream Types: 

000 S1 S2 S 3  S4 M 1  M2 M3 M4 M5 81 B2 8 3  04 B5 FAN ARR NAL TID 
_ - - - _ _ _ - - _ _ _ _ _ ^ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - -  - - - - - - - - - - - - -  

A L 
BPRR 
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BPOO 
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D 11 
D I 
D 0 
DR 
DE 
E f4 
E  V 
EX 
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G C 
HI 
LQ 
P I  
R E  
RT 
SH 
S U 
T R 
xd 
00 1 

Note: Inc ludes  p r o j e c t s  f rom p r o j e c t  map book o n l y .  
: See Appendix A 
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APPENDIX E: MISCELLANEOUS EXPERTISE 



Introduction 

1. This appendix lists (a) subjects in which a District or Division 

felt they had some expertise; and (b) uncommon hydraulic design methods or 

practices of general interest. This list includes only those methods men- 

tioned by the inventory participants. Reports, papers, and other sources* 

referenced in this appendix are only peripherally applicable to the design of 

stable channels in natural materials. References of general interest are 

included in the main body of the report. 

Division Summaries 

Lower Mississippi Valley Division 

2. Memphis. Sediment monitoring programs, general semiquantitative 

sediment and stability studies. 

3. St. Louis. A systems analysis approach to channel assessment and 

design. 

4. Vicksburg, Expertise in a wide variety of bank protection and grade 

control structures. Have used a number of channel stability analysis tools 

and methods. Experienced in the use of the geomorphic approach to channel 

design or analysis. 

Missouri River Division 

5. The Division has experience in the use of grade control and drop 

structures (Gering Valley) and recently has been in contact with the Iowa 

Institute of Hydraulic Research, University of Iowa, Iowa City, Iowa, concern- 

ing the use of Iowa vanes. 

6. Kansas City. Experience in the design of stable channels and their 

analysis as well as bank protection and erosion control. 

7. Omaha. Experienced with dumped stone revetment, windrow revetments, 

and cover stone techniques for ripr-ap rehabilitation. 

New England Division 

8. Experience in handling ice problems with riprap (normally increase 

thickness by 50 percent) and the use of "doublewall" (a series of bottomless, 

* In some cases, complete and accurate information on all references was not 
supplied. 



rectangular-shaped bins filled with stone and placed along a river bank to 

serve both as a retaining wall and an erosion control measure) for bank pro- 

tection. Have own riprap design method based on a nomographic development of 

the original shear equations. 

North Atlantic Division 

9. Experience in large detention dams and in diversion tunnel design. 

10. New York. Have own riprap design method worksheet which loosely 

follows the shear concept. 

11. Norfolk. Experience in shore protection, floating mats, and channel 

dredging. 

12. Philadelphia. Experience in gabion design for bank protection. 

Have found the following publication useful for fabric design and use: "Use 

of Engineering Fabrics in Transportation-Related Applications."* 

North Central Division 

13. Buffalo. Use the Baker and Ritter equation for sediment considera- 

tions with some success. Have a sediment investigation (stability analysis) 

checklist. Have special expertise in riprap design and the analysis of riprap 

stone quality and how to obtain optimum quality from a given quarry. 

14. Detroit. Experience in the use of a vegetative seeding mixture and 

placement method for bank stabilization. It thrives well both under and above 

water. Have also a unique drop structure design with nonsymmetric basin and 

approaches. 

15. Rock Island. Use Lane equation and Froude number methods for ap- 

proximate stability analysis. Use state gradations for riprap design. Expe- 

rience in repair of levees built of sand and other noncohesive materials. 

16. St. Paul. Have own method for analysis of possibilities of bridge 

plugging along with a checklist. Have designed drop structures to match 

existing rating curves by using complex overflows. 

North Pacific Division 

17. Alaska. Experience in stream monitoring (Tanana) and in-stream 

gravel extraction limitations. Have also had special experience in river 

* T. Allan Haliburton, Jack D. Lawmaster, and Verne C. McGuffey. 1981. "Use 
of Engineering Fabrics in Transportation-Related Applications," prepared for 
Federal Highway Administration under Contract No. DTFH61-80-C-00094 by 
Haliburton Associates, Stillwater, OK. 



training structures. Use special guidance in river analysis from Delft*. Use 

the Vicksburg District gradations for riprap. For scour around spur dikes, 

they use papers by Garde, Subramanya, and Nambudripad** and by ~i1l.t 

18. Portland. Use a type of groinlike structure called a drift embank- 

ment. Riprap is plated to flatten and improve interlocking of stone. Use 

locally developed riprap gradation criteria with five classifications. Also, 

use a paper by ~orensontt for riprap design for toe wave attack. Have also 

established maintenance standards for levees and riprap. 

19. Seattle. Have riprap design method based on empirical evidence from 

Pacific Northwest streams. Have special experience in the design of debris 

basins (Tatum approach). 

Ohio River Division 

20. Division Laboratory. Has expertise in testing rack for weathering 

characteristics. 

21. Huntington. Specialized technique for extrapolating to standard 

project flood developed in conjunction with US Army Engineer Waterways Experi- 

ment Station. Have expertise in the analysis of bank failure mechanisms and 

how to perform field reconnaissance of same. 

22. Louisville, Experience with log jams and H-piles with lagging. 

23. Nashville. Experience in drop inlet and other related inlet type 

structures. 

24. Pittsburgh. Experience in the use of Fabriform mattresses, rock 

sausages, grouted riprap, gabions, and grade control on supercritical flow 

streams. Have locally developed aids to riprap design, including estimates of 

Manning's n and identification of velocities. 

* van Berlekom. "Rivers," unpublished lecture notes, International Courses 
in Hydraulic and Sanitary Engine-ering, Delft, The Netherlands. 

** R. J. Garde, K. Subramanya, and K. D. Nambudripad. 1961 (Nov). "Study of 
Scour Around Spur Dikes," Journal of the Hydraulics Division. American 

of01 87, No. HY6, pp 23-27. 
t M. A. Gill. 1972 (Sep). "Erosion of Sand Beds Around Spur Dikes," Jour- 
nal of the Hydraulics Division. American Society of Civil En~ineers, - 

Val 98, No. HY9, pp 1587-1599. 
t t  R. M. Sorenson. 1973 (May). "Waterways Produced by Ships," Journal. 

Civil Engineers, Vol 94, No. WW2, p 245. 



South Atlantic Division 

25. Mobile. Experience with multiple sheet-pile drop structures, rock 

weirs, and baffled chutes. 

26. Savannah. Experience with tidal effects, unsteady flow modeling, 

and permissible velocity designs. 

South Pacific Division 

27. Los Angeles. - Expertise in debris basin design, grade control 

structures, river training structures, Enka Mat (proprietary name), transition 

design, supercritical channel design, soil cement, and bank protection. Have 

their own locally developed grading for riprap. 

28. San Francisco. Have developed method for grade control stability 

analysis, which is a Froude number approach. Have a checklist for field 

reconnaissance. Special experience in the use of hardpoints. 

Southwestern Division 

29. Albuquerque. Experience with soil cement, wire-encased riprap, 

river training structures (dikes, groins, Kellner jacks), sedimentation 

basins, gabions, check dams, grouted riprap, and a number of different bank 

protection methods (Gobimats, cellular blocks, etc.). Have locally developed 

riprap gradation criteria. 

30. Fort Worth. Have own hydrology program, NUDALLAS. Have experience 

in the design of drop structures coincident with road crossings. 



APPENDIX F: FREQUENT COMMENTS BY REVIEWERS AT 
HEADQUARTERS, US ARMY CORPS OF ENGINEERS 



1. Present and future imperviousness of the basin lands affects loss 

rates in the hydrology and needs support from land use and geology studies. 

Future land use with increased runoff should consider control of land use 

instead of accommodating the increase in the design. 

2. Overbank lands needed for conveyance under design conditions should 

be controlled. 

3. Channel stability considerations can be resolved through hardening, 

real estate acquisition, monitoring with future corrective actions, and 

changing secondary currents. 

4 .  A project may be designed to protect against one source of flooding, 

but all sources of flooding must be considered in the justification and design 

of flood-control projects. 

5. Coincidental frequency considerations are needed at all stream 

junctions. 

6 .  Assumed timing of tributaries during future urbanization may require 

control to assure that timing of the tributaries will not occur in an adverse 

manner. 

7. Federal Emergency Management Agency (FEMA) criteria allowing water 

rises due to encroachment (1-ft rise) should be incorporated in project per- 

formance and justification, and may require increased project design levels or 

local assurer control. 

8 .  Ponding areas should consider restrictions to standard project flood 

(SPF) elevations to preclude unwise development of critical public services. 

9. Closure structures (gates, openings, etc.) should consider warning 

devices as an adjunct to effect actions. 

10. Initial overtopping locations(s) should consider real estate control 

to assure the viability of the location in the future. 

11. Project openings in a levee can be permitted if volume of peak com- 

ing through these openings can be accommodated on the interior by features, 

real estate control, or items of local cooperation. 

12. Railroad/highway grades, existing local levees, etc., used as 

tie-backs/tie-ins for project levees may need to be controlled; need to be 

part of the project description; meet Corps design standards; require some 

real estate taking; require operation and maintenance ( O M )  money as part of 

project and must include freeboard. 

13. Mannings' n coefficient of expansion and coefficient of 



contraction may need to be preserved through the items of local cooperation. 

14. Upstream reservoir holdouts (even if only surcharge) or downstream 

hydraulic controls separate from the project may need to be assured by local 

items of cooperation. 

15. Repair, replacement, or maintenance of equipment or features may 

require extra real estate, special legal' encumbrances, or special vendors not 

readily available in a timely manner or too costly. This should influence 

feature selection, adjuncts, and local requirements. Also, selection of 

design features requiring no repairs or no replacement is usually not correct. 

0&.M must be workable and have a high probability of being performed by locals 

for the life of the project. 

16. Control of 100-year flood conditions while allowing development and 

encroachment may worsen SPF conditions, i.e., consider full range of impacts. 

17. All segments of a levee may not have the same overtopping catastro- 

phe potential. Flank levees along large flashy tributaries may have worse 

potential catastrophe than main line of protection. Different levels of pro- 

tection should be considered for those different segments. 

18. Design flows for channel features must get into and stay in channel 

in proj ect area, 

19. Side drainage into channels should be controlled. 

20. There is no one design discharge (or flood), rather different 

objectives for several floods. 

21. Control. water at upper end of channels and at tributaries. 

a. To get the water in. - 
b. To prevent headcutting. - 

22. Extend profiles up and down from constriction to where project 

effects dampen out. 

23. Interior flood-control pumps and other facilities must consider 

overland flow, ponding in streets, etc. There is no reason to limit pump 

capacity to sewer capacity. 

24. Support level of protection with physical impacts of depth, veloc- 

ity, debris, damages, areal extent of inundation, etc. Develop table (matrix) 

for several index stations. 

25. Synthetic analyses of hydrology or hydraulics yield higher levels of 

uncertainty. To better understand and compensate for the uncertainty the 

design should consider the following: 



a. Increase amount of sensitivity analysis. - 
b. Use conservative safety factors. 

c. Increase contingency factor for both first cost and O M .  - 

26. Calibrating profiles to high water marks in a stage range with no 

velocity measurement to support the calculation of the flow may give false n 

values . 
27. Bridges may need stability analysis to assure function during life 

of project for 

a. Deck stability with underpinning - 
b. Scour of piers or abutments 

c. Debris blockage with increased load across deck or sheer mass - 
against the bridge causing potential failure of bridge 

28. Water-Surface Profiles (WSP) 

a. Is existing WSP calibrated from field measurements (make sure - 
discharge measurement is made)? 

b. Are starting water-surface elevations reasonable? - 
c. Use high n for stage considerations, low n for velocity - 

considerations. 

29. Are flooded-area maps (existing and improved conditions) provided? 

Profiles should include bank lines, invert, existing, and improvement condi- 

tions (but avoid crowding on the plate). 

30. Project must function (not necessarily without damage) at most in- 

frequent flood return interval for which stage reduction benefits are claimed. 

31. Are in-place physical features used as part of flood-control plan? 

If so, they require same analysis as other project features and must meet 

Corps standards. 

3 2 .  Channel freeboard may be as low as zero but must be supported by 

analysis of sensitivity, potential damages, etc. 

33. Has channel stability been analyzed? Check for erodibles and/or 

silt strata, increased discharge dae to loss of overbank storage, potential 

for rapid sediment infill of excavated channel enlargements. 

34. Drop structure design. 

2. Flanking (bank tie-in design) 

b. Mistaken use of riprap for drops over 4 ft. 

c. Must be located downstream of straight reach. - 

35.  Estimates of debris production and blockage, and ice jam potential. 



36. Riprap design using EM method. Problems with 

a. Doubling safety factor on bends - 
b.  Uses of DrjO maximum and DrjO minimum 

c. Use of DrjO as reference size - 
d. Toe design problems. Suggest use of informally furnished - 

HQUSACE flow chart. 

37. Freeboard design: overtopping design, no notches. 

38. Tunnel design: steep upstream, flat downstream. Fills from down- 

stream to upstream to avoid slug flow conditions. 

39. Drawings are often unreadable! 

40. Avoid rock-faced (only) spillways on earth embankment. NO fuseplug 

levees. 

41. Problems with diversion structures. 

a. Bed-load trapping. - 
b.  Clear water scour of diversion channel. 

42. Water-surface profile stability. Avoid 0.8 < Froude Number < 1.1. 
43. Unsupported exotic analyses or solutions to flood-control problems 

will elicit unfavorable comments. 

44. Model study requests need backup technical material. 

45. Allowance for future conditions/channel encroachment/EEMA 100-year 

f loodway . 
46. O&M costs are often underestimated. 

47. Wave computations for shallow-water conditions such as reservoirs. 

48. Channel capacity maintenance, monitoring, and triggering criteria 

should be incorporated into items of local cooperation. 



APPENDIX G :  STREAMS RECOMMENDED FOR FURTHER STUDY 



This appendix contains a table of those streams suggested by the 

Districts for possible further study. The streams were chosen as examples of 

successful or unsuccessful designs or for some other stream specific reason. 

The definitions of stream type and improvement method codes are given in 

Appendix A. 



T a b l e  G I  - 
F u r t h e r  S t u d y  

I DISTRICT f . STREAM - NAME I I 

I I I 
I I I 

f LMM 1 S t .  F r a n c i s  
/ LMM I L ' A n g u i l l e  / 

I I f LMM , W o l f  R i v e r  , 
f LMM I B i g  Creek I I 

f LMK Yalobusha I I 
I f LMK Yocona I I 

j LMK f L. T a l l a h a t c h i  f 
I f LMK Tensas I 

I 

I LMK 1 B i g  Sand C r .  I I 

f LMK I B i g  & Cslewa C r  I 
I MRK f S o l d i e r  C r .  I I 

/ MRK f L i t t l e  B l u e  Chnl f 
I MRK I E . F o r k L 0 2 R .  f 
I MRK 1 C h a r i  t o n  R .  I 

! 
I f MRK F r a n k f o r t  I I 

f MRO Goer ing  V a l l e y  I 
( MRO j N. F o r k  El khorn  f 
f MRO f Sai t C r .  & T r i  bs f 

I f MRO , H e a r t  R ,  I I 

I MRO f B i g S i o u x  ! I 

t MRO I F l o y d  R .  I I 

f MRO I L i t t l e  S ioux W .  / 
I MRO 1 L. P a p i l l i o n  C r .  I 

I I NED , Mad R i v e r  1 I 
I 1 NED Chi copee I 

I 

f NED j Northhanjpton 
NED Three R i v e r s  / 

j NED f Cocheco R ,  I 
I 

I NED / Wosnsocket R .  I 
I I NEB , Nashua I 

I 

/ NAB I E l  k'l and I 
I I 
I NAB , Horne l  l I 

I 

I NAN ) M t .  P l e a s a n t  f 
I I I NAN , E l l e n v i l l e  , 
I NAN Sawtni 9 1 I I 

f NAN I Herk imer  I 
I 

1 f NAO , Vesuv i  us I 
i 

I NAO , M e h e r r i n  I 
I 

I f NAP , Pacono C r .  I 
I 

I I I 
I _ _ _ - I  *-- 1 - 

TYPE 

DELTA 

IMPROVEMENT CODES & COMMENTS j 
I 
I 

CS,SH -SEB MONITERING I I 

CS,EN,SH,GC - REGIME ANAL I I 

SH,EN,CS -SELECTIVE C&S I I 

C S  -UNFORSEEN ENLARGEMENT' I I 

SH, EN I I 

SH -BELOW RESERVOIR I I 

SH I I 

EN -FILLING,SED. STUDY I I 

GC,LV,EN -AGGRAD%NG I I 

SW,EM -FILLING I I 

LV,AL,SH -X-SEC DATA I I 

AL,H&,DI,GC -RESPONSE I I 

CS,  EN, SM -DEGRADATION I 1 

SH,CS,EN,LV -WIDENING,MEANDER I 
LV,AL.,EM,GC -FILLING,DATA I I 

GC ,MY, EM .-GOOD DATA I I 

AL,LV,SH,GC -STABLE I I 

I CS,EN,LV,AL,FC -LEVEE SLUMP 
L,V - 1 C E  JAM, BACKWATER PROB. I I 

LV,EN,CS,DO -STABLE I t 

SH,EN,LV,GC -DEGRADATION I I 

SH,EN,LV,GC -HEADCUT I I 

EN,SH,BP,LV -STABLE I I 

I EN -DAM REMOVAL,AGGRADAT%ON 
LV -BEND EROSION I I 

LV,GC,RP,SH -BEND EROSION I I 

FC,EN, -DAM REMBVAL,DEGRADING f 
LV,EN,AL,SH -DEGRABA?IOM I I 

EN,LV,EX -RIPRAP FAILURE I I 

1 LV -GROUTED RIPRAP FAILURE , 
LV,AL,CS -AGGRADATION I I 

LV, AL ,SU -AGGRADAl"ION I I 

CS , E X ,  LV -TOE FA1 LURE I I 

LV,SU,SP,DO -TOE FAILURE I I 

CS ,  SU, LV -UNSTABLE ,AGGRi\DATIQN I 
LV,BP -ICE PROBLEMS I I 

EX -AGGRADATION i I 

SH,DR -LOG JAM PROBLEMS I I 

BP -GABIONS,BANK FAILURE I I 

I 
w e -  -- I 

(Continued) 
(Shee t  1 of 4 )  







T a b 1  e G1 ( C o n c l u d e d )  

I DISTRICT 1 STREAM NAME I T?PE / IMPROVEMENT CODES & C O M M E N T S ~  
f S F K  I C o r t e . M a a e r a  / M3,M4 j A G G R A D A T I O N A T D S E N D ( T 1 D A L )  f 
f SPK I M o r m a n ' S l o u g h  I M l , M 2  I EN,LV,BP,DI,DO -DEGRADA DS DAM 

I I SPK f L .  S a n  J o a q u i n  f M4 f LV,CS,BP,XC,GC -BANK C A V I N G  , 
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